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CENCO-COOLEY ELECTRIC MUFFLE FURNACE 


A very convenient ashing furnace for the small laboratory. Will 
operate continuously at temperatures up to 950° C. and is not harmed 
during short intervals at temperatures not exceeding 1050° C. 
Overheating is prevented by adjustment of the rheostat. The 
pyrometer is of distinct advantage where it is necessary to adjust the 
temperature to definite values. 

The furnace is strongly constructed with iron end-frames with sup- 
porting legs cast integral. The end-pieces are of heavy transite 
and the body shell of sheet steel finished in aluminum bronze. The 
rectangular muffle is of 5-piece molded construction with parallel 


13651A Furnace with rheostat for 115 volts AC or DC. 


grooves in the top and bottom members in which the heating units 
are inserted to form the side walls of the muffle. Additional insula- 
tion is provided between the muffle and outer case of the furnace. 
The hinged door frame swings from a bracket attached to the furnace 
frame. The plug-type door is a thick refractory molding. It is 
provided with a 5/s-inch covered peephole and a latch handle. 

Dimensions, over all: Height, 15!/,4 inches; width, 12 inches; 
depth, 12!/4 inches. The usable muffle space measures 3!/2 inches 
wide, 31/2 inches deep by 4 inches high. Power consumption, 700 

watts. 


13652A Furnace with rheostat and pyrometer, for 115 volts AC or DC. ..--..-+++sscccsrccccecccctecettecsssecscess 52000 
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on D.C. 3100 
These Seven Heads 


are interchangeable on the 
same Centrifuge 


D.C. with six 15 ml. tubes loaded 


CT-1205 ANGLE- 
HE. for CT- 
1200/D Centrifuge. 
Each $18.50 


CT-1215 ANGLE- 
HEAD for CT- 
1210/D Centrifuge. 
Each $19.50 


CT-1200/D ADAMS SENIOR ANGLE-HEAD CENTRIFUGE 


Adams Senior ANGLE-HEAD Centrifuges 


These ANGLE-HEAD Centrifuges offer important advantages over the 
conventional units. Utilizing the new angle principle—the tubes are 
suspended at a fixed 52° angle—thus, faster sedimentation is achieved 
by the shorter distance particles are required to travel until they collide, 
agglomerate and hit the side wall . . . creating mass and reaching the 
bottom more quickly. When at rest, the tubes remain in the angular 
position and no stirring up of sediment results. Angle-Heads are equipped 
withaGuard Bowl. Thecentrifuges listed below are for 110V, AC and DC. 
For motors to operate on 220 V, AC and DC, add $2.00 to prices below. 


CT-1225 ANGLE- 
HEAD for CT- 
1220/D Centrifuge. 

Each $19.50 


CT-1200/D ADAMS SENIOR ANGLE-HEAD CENTRIFUGE for SIX 15 ml. TUBES CTARD “HEAD” 
complete with six special round bottom brass shields oan with rubber Each $9.00 
ushions and three each graduated (CT-2010) and un uated ( Fey sare 


bottom, 15 ml. glass tubes. a 


CT-1210/D ADAMS SENIOR ANGLE-HEAD CENTRIFUGE for TWO 50 ml. 
TUBES and TWO 15 ml. TUBES, eomplete with two 50 ml. brass shields (CT-2051) 
and two special 15 ml. brass shields (CT-2101), with rubber cushions and one 
each graduated and ungraduated 15 ml. and 50 ml. glass tubes. (Four Bo ay! — 


CT-1220/D ADAMS SENIOR ANGLE-HEAD CENTRIFUGE for FOUR 50 ml. 
TUBES, complete with four round bottom brass shields rey) with rubber 7.4335 STAND- 
cushions and two each graduated (CT-2055) and ungraduated (CT-2060) 50 ml. ARD HEAD 
glass tubes. Each $69.50 Each $12.75 


All models are illustrated and described in our Catalog No. 111CE. if you have not 
already received a copy, write for one on your department letterhead, a 
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Reagents 
give the accuracy 


work 


. A statement typical of those fre- 
quently received from men engaged in 
both pure and applied chemical research. 
Naturally, we like to hear such comments 

. because, to combine high purity with an 
unusual degree of uniformity in reagents has al- 
ways been one of Baker & Adamson’s principal 
manufacturing objectives. By fulfilling such ex- 
acting analytical requirements, Baker & Adamson 


Reagents have helped save valuable time for 


SETTING 


thousands of chemists and their 
organizations. 
«il Accuracy, high quality, uniformity, are 
“built” into each Baker & Adamson Reagent 
from the start. They are the result of more than 
half a century of experience . . . rigidly main- 
tained manufacturing standards . . . and the 
most improved production methods. 

Take this step to be sure of results—USE 


BAKER & ADAMSON REAGENTS! 


PACE IN CHEMICAL PURITY SINCE 1882 R. Oe 


Division of GENERAL CHEMICAL COMPANY, 40 Rector St., New York CPA 


Sales Offices: Atlanta * Baltimore * Boston * Bridgeport (Conn.) * Buffalo * Charlotte (N.C.) * Chicago * Cleveland 
Denver * Detroit * Houston * Kansas City * Milwaukee « Minneapolis * Monroe (La.) * New York * Philadelphia 
Pittsburgh * Providence (R.I.) ¢ St. Louis * Utica (N. Y.) 

Pacific Coast Sales Offices: San Francisco * Los Angeles 
Pacific Northwest Sales Offices: Wenatchee (Wash.) * Yakima (Wash.) 

In Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver 


JouRNAL OF CHEMICAL EpucaTIoN, DECEMBER, 1941 


a 
\ 
| ~ 
| 
VS 
\ 
AD. 
| \ 
: <> 
VALU \ 4 
STAN DARD 
oF 
PUs 
VIII Pl 


Type MU55 Muffle Fur- 
nace at the California 
Institute of Technol- 


Aeronautic 


“HEVI DUTY ELECTRIC COMPANY 


for d researc | Daniel nt. 
—— dy -an gutifu vipme 
ycted im with its ™ é 
HEVI | 
. 
1 Please mention CHEMICAL EpuCATION when writing to advertisers IX 


WE added to the line to add to your greater convenience. 

Two new sizes of Pyrex brand Petri Dishes are now available—60 mm. x 15 mm. 
and 150mm. x 20mm. Fabricated from Pyrex brand Chemical Glass—“Balanced” 
properties, providing high chemical stability and greater resistance against ther- 
mal and mechanical shock, are combined for over-all economy. All five sizes 
offer excellent transparency and will not cloud after repeated sterilization (steam 
or hot air). Tops and bottoms are interchangeable. Beaded edges prevent 
chipping. 


All sizes are now available through your regular source of supply. 


**PYREX” is a registered trade-mar’ and indicates manufacture by 


CORNING GLASS WORKS + CORNING, N. Y. 
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The Standard Troy Pound of at 
8 and 4 ounces as used dur- 
ing Queen Elizabeth's reign. 


DEPENDABLE STANDARDS 


Mallinckrodt A. R. Chemicals are made to meet predetermined 
standards of purity with impurities measured to ten thousandths 
of one per cent. Such controlled uniformity in lot after lot assures 


results of greater accuracy for laboratory technicians. 


Send for catalogue of Mallinckrodt Analytical Reagents,and other 
chemicals for laboratory use. Contains detailed descriptions of 
chemicals for every type of analytical work... gravimetric, gaso- 


metric, colorimetric or titrimetric. 


ALWAYS SPECIFY REAGENTS IN MANUFACTURER’S ORIGINAL PACKAGES 


MALLINCKRODT CHEMICAL WORKS 


ST. LOUIS e PHILADELPHIA 3 MONTREAL 
CHICAGO NEW YORK TORONTO 


FINE CHEMICALS 
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F 0 0 D S are continually assuming greater im- 


portance in the tremendous and vital task of building 
and safeguarding the health of our Nation. Food 
chemists today are providing both man and animal 
with processed and vitamin-fortified foods of greater 
nutritional value than ever before—foods free from 
impurity and adulteration. 

Merck & Co. Ine. is glad to pay tribute to the skilled 
chemists, imbued with a deep sincerity of purpose, who 
are making this vital contribution to National Defense. 
We are also proud that Merck Chemicals are playing 
an important part, because chemicals of purity, uni- 
formity and dependability are essential to the chemist 
in the development and control of America’s food supply. 

Food chemists rely on Merck Reagent Chemicals 
because long experience has proved that they meet the 
exacting requirements of the food industry. 


MERCK & CO. Inc. 


PHILADELPHIA - 


ST. LOUIS 


NEW YORK 
XII 


MERCK CHEMICALS 
FOR THE CONTROL OF FOOD PURITY 


For Lead Determination 
Diphenylthiocarbazone (Dithizone)—For Lead determination 
(a comparatively new Reagent for this purpose). 

Lead Nitrate Merck Reagent—For Lead standard. 

Acid Citric Merck Reagent—Free from Lead. 


For Arsenic Determination 
Acid Sulfuric Merck Reagent—Free from Arsenic. 


low in Arsenic, Iron an: 
Mercuric Bromide—Merck Reagent. 


Stannous Chloride—Merck Reagent. 
Maximum limits—.0002% As. 


For Nitrogen Determination 


Acid Sulfuric Fuming, Merck Reagent— 
For Nitrogen determination. 


Acid Sulfuric Sp. Gr. 1.84 Merck Reagent. 
Sodium Sulfate Merck Anhydrous—Free from Nitrogen. 


For Phosphoric Acid Determination 
Acid Molybdie Merck Reagent—<.0005% PO, 
Ammonium Nitrate Merck Reagent—<.0005% PO. 
Magnesium Oxide Merck Reagent—<@.002% PO, 


For Fat Determination 
Benzin (Petroleum Ether) Merck Reagent. B. P. 30°-60°C. 
Ether Purified—For Fat determination. 


In Canada; MERCK & CO. Ltd., Montreal and Toronto 
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FISHER 


Direct-Reading 
BALANCE 


An Improved Model 
Particularly Suited for Dispensing Chemicals 
and Routine Weighing in 


LABORATORIES AND 
STOCKROOMS 


@ Direct Reading © High Sensitivity 

© Rapid Weighing @ No Loose Weights 
@ Pointer Comes to Rest without Oscillation | 
@ Reads Both Metric and Avoirdupois 


Rough weighing 


Fisher’s Improved Direct-Reading Balance is particularly well-suited for use in laboratories 
and stockrooms for routine weighings and dispensing. This new balance comes to rest in three 
to four seconds, is sensitive to one gram and has ample capacity for most laboratory work. The 
weight can be read directly from the double scale, either in grams or ounces. 

The total capacity of the Fisher Direct-Reading Balance is 5,000 grams or 11 pounds. Weights 
up to 500 grams or 17.6 ounces are read directly on the dial and additional weights up to 4,500 
grams or 10 pounds are had by use of the sliding weight on the beam. 

The dial is graduated in 2-gram divisions, also in l-ounce divisions; the beam is notched and 
engraved at each 500 gram division, also at each 
one-half pound division. 

A very desirable advantage of this balance is its 
speed. An adjustable built-in oil dash pot damp- 
ener permits readings in three to four seconds. 
The object being weighed is placed on the plat- 
form, the pointer advances to the proper weight, 
then stops there without the usual oscillation, and 
the weight is read directly from the scale. A fur- 
ther saving in time results when the sliding weight 
is employed as a tare for a scoop, can, bottle, basket 
or other container. 

The balance and platform are white enamel and 
the metal parts are chromium plated. This balance 
is easily kept clean, is resistant to corrosion and 
has a pleasing appearance. 

2-116 Balance, Fisher Direct-Reading, Improved 
Model. Capacity, five kilos or 11 pounds. Quickly read to 
one gram or one-fourth ounce. Each, $145.00 


Distributed by 


FISHER SCIENTIFIC Co. EIMER AND AMEND 


711-723 Forbes Street « Pittsburgh, Penna. 633-635 Greenwich Street « New York, N. Y. 


Headquarters for Laboratory Supplies 
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Student Chemists at Columbia 
Use These Typical L&N Instruments 


Here are a few of the L&N instruments accumulated by Columbia University over the past 
twenty-nine years; they give an excellent idea of the variety of our products available for teaching 


and research purposes. Included are: 


A. Adjustable mica condenser, made 1925; 
total capacitance 1 mf within +0.25 per cent. 
Price $200.00; see also Cat. E, p. 13. 

B. Kohlrausch slidewire, made 1923. Resis- 
tor is a helix about 470 cm long and 7 ohms re- 
sistance. Price $100.00; see also Cat. E, p. 31. 

C. Students’ Potentiometer, made 1921. 
Ranges of 0-1.6 volts and 0-0.016 volt; its slide- 
wire can also be used in bridge assemblies. Price 
$70.00; see also Cat. E, p. 40. 


D. Type K-1 Potentiometer, made - 1917. 
High-precision, general purpose instrument; ranges 
0-1.61 volts and 0-0.161 volt. Price $250.00; 
see also Cat. E, p. 40. 

E. Wheatstone bridge, made 1937. High-pre- 
cision, general purpose instrument. Price $175.00; 
see also Cat. E, p. 28. 

F. Pointer galvanometer; sturdy and prac- 
tically jolt-proof; sensitivity per mm scale divi- 
sion, 0.5 microamp., period 3 sec. Price $15.00; 
see also Cat. E, p. 19. 

G. Type R Galvanometer, made 1931. Ex- 
cellent sensitivity plus convenience. Sensitivity 
per mm at 1 m, 0.0001 microamp., period 14 sec. 
Price $60.00; see also Cat. E, p. 17. 


TELEMETERS - 


MEASURING INSTRUMENTS - 
Jrl Ad E(25) 


1938. 


AUTOMATIC CONTROLS 


H. Four-dial enclosed-switch resistance box, 
made 1939. Total resistance 9999 ohms. Price 
$35.00; see also Cat. E, p. 10. 

J. Potential Divider, made 1912 to special 
specifications. 

K. Enclosed-switch Wheatstone Bridge, made 
Simple and convenient; for moderate 
precision. Price $55.00; see also Cat. E, p. 28. 

L. Three-dial, open-switch Resistance Box, 
made 1923. Combines precision and convenience. 
Resistance 1000 ohms; price $70.00; see also 
Cat. E, p. 10. 

M. Resistance Box for a-c work; made 1924 
to special specifications. 

N. Three-dial enclosed-switch resistance box; 
like Hexceptresistanceis 999 ohms and price $28.00. 

O. Resistance Box, made 1939. Like Box H. 


ABOUT CATALOG E... 


The Catalog E referred to in the above descrip- 
tions of instruments is a 68-page book. It de- 
scribes and lists all of our electrical measuring in- 
struments for research, teaching and testing, and 
so is useful not only to chemists but to those who 

work in the other basic sciences and in engineer- ' 
ing. A copy of Catalog E will be sent on request. 


LEEDS & NORTHRUP COMPANY, 4976 STENTON AVE., PHILA., PA. 


LEEDS & NORTHRUP 


HEAT-TREATING FURNACES 
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These “‘Lightning”’ pursuit planes (Lockheed P-38’s), rete the fastest ships now in the air, owe their performance 
in large part to modern aviation fuels. (See “‘Modern Motor Fuels,” by Gustav Egloff, on page 582.) 
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All the Conveniences - 
of the 
TIRRILL TYPE LABORATORY BURNER 


AT THE COST OF ORDINARY 
BUNSEN BURNERS 


SAVES ITS COST IN GAS 
CONSUMPTION EVERY MONTH 


COMPLETE RANGE OF 
FLAME ADJUSTMENT 


Geatures— 


Base, brass cadmium plated, 3°/, inches in diameter— 
Gas chamber is a precision die-casting — 
Tube of brass ’/,, inch in diameter— 

Height over-all 6'/, inches— 


ADJUSTMENT 


4752. BURNER, Bunsen, Brass Base, With Gas and Air 
Adjustments. Die-cast gas chamber with needle valve 
gas regulator. Air regulation by screwing mixing tube 
down on cone seat. Base is brass, cadmium-plated and 
334 inches in diameter, thus increasing the stability. Very 
efficient burner for laboratory work, giving ——— range of 
adjustments. Operates on coal gas and mixed gas. 


Lots of 6, Each, $0.50 


4752A. BURNER, Bunsen, Cadmium-Plated Steel Base, 
With Gas and Air Adjustments. Identical with No. 4752 ex- 


cept the base is pressed steel, cadmium-plated. 
Lots of 6, Each, $0.45 Each, $0.50 


No. 4752. 4752C. BURNER, Bunsen, Small Gas Orifice, Cadmium- 
Plated Steel Base. Identical with No. 4752B except with 
pressed steel base, cadmium-plated. 
4752B. BURNER, Bunsen, Small Gas Orifice, Brass Base. Lots of 6, Each, $0.45 Each, $0.50 
Identical with No. 4752 except needle-valve orifice is drilled 
much smaller. Will function only on gases with high B.T.U. 4750B. BURNER, Bunsen, Simple Form, Cadmium-Plated 
Steel Base. Identical with No. 4752A except without needle 


which are operated at comparatively high pressures like Nat- 
valve and with 3-inch steel base, cadmium-plated. 


ural Gas, Blau-gas, and Gasoline Gas. 
Lots of 6, Each, $0.50 Each, $0.55 Lots of 6, Each, $0.31 Each, $0.35 


W. M. WELCH SCIENTIFIC COMPANY 


Established 1880 
Chicago, Illinois, A. 


1516 Sedgwick Street 


JourNaL or CHEMICAL EpucaTIon, DECEMBER, 1941 


| 
| 


college professors take themselves too seri- 
ously—no doubt. Nor are their critics slow to 
remind them of the fact. Less often—in fact, practi- 
cally never—do we hear the view expressed that they 
don’t take themselves seriously enough. Not that a 
good many professors fail to recognize their short- 
comings and wish they could do something about them. 
But we are not used to the implication that professors 
as a class take a light view of their importance in the 
educational scheme. 

So we were first surprised, then amused, and finally 
impressed when this point was elaborated by Kirk H. 
Porter in an article, ‘‘Professors Should Work,” in the 
last Bulletin of the American Association of University 
Professors. He says: 


The principal reason for going to college is to get something 
from professors. If this were not so young people might well 
stay at home and study by themselves.... Nevertheless, 
students are often actually told that attendance at class is not 
particularly important and that what one gets “by himself’’ is 
all that really counts. One great university comes very close to 
proclaiming that its own splendid lecturers are hardly worth 
going to hear.... 

Strangely enough, it appears to be assumed by many educators 
that if a student listens to a professor explain something he is 
being ‘‘spoon fed,’”’ and the educative process is deplorably 
“‘passive,’’ whereas if the student reads out of a book what some 
other professor has written, he is “getting it by himself.” In 
my opinion the latter process is far more passive, passive oft- 
times to the point of somnolence.... It should be taken for 
granted that the student will read, and that he will work by 
himself. I never heard of an institution, or of a professor, who 
discouraged this.... Time spent in classrooms ought to be the 
most valuable part of the student’s experience, for time spent in 
contact with professors is the unique contribution to the educa- 
tional process which the college has to offer, and it is the one 
thing of which there is for the student a definitely limited 
supply.... 

Unfortunately, many administrative officers capitalize unduly 
upon the idea that students should learn by themselves, and thus 
repudiate the basic reason for having a college. This is to em- 
phasize a good idea, and to ignore a better one. The very exist- 
ence of a college implies that there is something even better to 
do than to try to learn by one’s self. Of course there is. It is to 
go to college and get something from professors.... Too many 
professors, in their modesty, give aid and comfort to those who 
would like to eliminate them, The professor who does not insist 
that it is important to come to his class is abdicating. Students 
and administrators might well take him at his word and let him 
seek other fields of usefulness. If a subject can be learned 
adequately from books, why have a professor? I confess I do 
not know the answer to that one. ~ 


There is something to think about here, of course. 
Very likely the author of this did not intend it to be an 
argument for return to the old educational process of 
lecture-dictation, by which ‘‘words are transferred from 
the notebook of the lecturer to that of the student 
without the intermediation of any mental process what- 
soever.” The evils of the ‘lecture system” have been 


well recited, but their remedy should not lead us to 
lose the direct influence of teacher upon student. 
Rather than abandon it completely, the lecture system 
must be made to inspire instead of suffocate. 


In any 
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event, the professor must not become a mere quiz- 
master or examination-marker. 

Chemistry is probably in a more fortunate position 
in this regard than most subjects in the curriculum. 
Dreary and ineffective lectures are inexcusable in view 
of the possibilities of experimental demonstration, and 
the laboratory method of instruction offers even better 
opportunities for students to “get something from pro- 
fessors.”” In fact, we submit that any professor of 
chemistry who, by his inaccessibility or unapproach- 
ability, denies his students the chance to “get some- 
thing’ from him in the laboratory, where it means the 
most, ought to “seek other fields of usefulness.” 


Wé UNDERSTAND that a recent meeting of the 
Industrial Research Institute was addressed 
by A. H. White, the president of the Society for the 
Promotion of Engineering Education and the head of 
the Department of Chemistry of the University of 
Michigan. Several points which he made, although 
they have been made before, deserve special attention 
and emphasis. He advocated increased industrial 
support for graduate fellowships in universities, the 
summer employment of undergraduates in industrial 
research laboratories, and also the coéperative plan of 
education in industrial centers. He also urged that 
industry send more of its promising young research 
men back to the universities for advanced training. 

We venture to add that in the long run it might pay 
industries to send some of their inspiring research men 
back to the universities, for short periods, for the pur- 
pose of instruction. The first-hand contact that could 
thus be made between young students preparing to 
enter industry and men not-too-much-older who could 
give them a clear picture of what a future in industry 
offers them would be an excellent thing for all con- 
cerned. 

Our faculties consist very largely of men who, how- 
ever thoroughly versed they may be in chemistry, have 
had little if any inside view of industry. A single lec- 
ture now and then, on an industrial-chemical subject, 
helps the situation a little. Students crowd around the 
speaker afterwards, eager for more of what appeals to 
them as intensely practical. How much better if the 
speaker could stay on the campus for two weeks—or 
longer—with a class every day perhaps, holding con- 
ferences with students, mixing with them in their 
clubs. Not being one of their regular professors, such a 
man would have a certain advantage in his relations with 
students. His would be an “extracurricular activity.” 

Perhaps this could be combined with ‘personnel’ 
or “recruiting’’ work, so that there would be the pos- 
sibility of some tangible return to the industry. Pri- 
marily, however, it would be a contribution to the 
educational system upon which industry depends for 
its human material and to which it properly owes a very 
large debt. 
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Whali Been Going On 


'AFFELITE, a thermosetting plastic, is now obtained from 
the coffee bean. The process involves grinding and ex- 
traction to remove the caffeine and oil. The meal is then mixed 
with water, treated with a catalyst, and autoclaved at about 
150°. The product is washed with water, neutralized, and vac- 
uum dried to give a thermosetting powder. 

The first plastic auto body was exhibited by the Ford Motor 
Company at Dearborn, Michigan, on August 13. In the produc- 
tion of this auto body, synthetic resins and fibrous material were 
molded under 15,000 pounds pressure per square inch. The 
body weighs about 2000 pounds, which is 1000 pounds less than 
a comparable steel structure. 

The Forest Products Laboratories have studied dicyandiamide- 
formaldehyde and-urea-acetaldehyde-formaldehyde: resins :with 
respect to their use as fire retardants. ‘‘Coatings of these res- 
ins, to which either phosphoric acid or ammonium phosphate 
has been added, give exceptionally good protection to wood 
against flame spread as measured by the fire tube method.” 
One fairly satisfactory formula is: 45 g. of dicyandiamide, 50 g. 
of 37 per cent formaldehyde, 15 g. of acetaldehyde, 55 g. of water, 
and 63 g. of monoammonium phosphate. Although this resin 
is a good fire retardant and shows fair to good resistance to check- 
ing, it affords rather poor protection against moisture. 

Lignin, which constitutes about one-fourth of the weight of 
wood and has been characterized as the “greatest economic 
waste in the world,”’ may yield to research effort and yet prove to 
be of great industrial importance. Because of its cheapness, 
lignin is of particular interest to the plastic industry. 

By the impregnation of wrapping paper with diphenyl, the 
spoilage of food is materially decreased, as evidenced by the fact 
that 90,000 cases of oranges were so wrapped in 1939-40. ‘‘The 
wrapping paper is impregnated by printing and shredding simul- 
taneously, and the cost is less than one cent a case or 30 cents a 
ton of fruit.” During 1938-39, the use of the impregnated wrap- 
ping paper decreased spoilage from 9.57 to 0.37 per cent. 

Selenium poisoning in animals may be offset by the administra- 
tion of arsenic, according to studies conducted on dogs by Moxon, 
Anderson, and Rhian of the South Dakota Agricultural Experi- 
ment Station. 

The second largest use of our cotton crop is in the annual pro- 
duction of 60,000,000 tires. 

In the Hansgirg process, now being used for the production of 
magnesium, the magnesium oxide is reduced with carbon at a 
high temperature and the reaction products are diluted and 
cooled with a cold, inert gas. The reaction 

MgO + C = Mg + CO 
is displaced to the right at an elevated temperature (2000°) but 


the reaction products must be diluted and chilled rapidly to 
about 200° to prevent reversal of the process. Originally, hydro- 
gen was used as the inert gas but in the new plant at Palo Alto, 
with an ultimate capacity of 15,000 tons annually, natural gas is 
to be used. 

During 1941 the United States produced 97 trillion units of 
vitamin A, of which 11 trillion units were obtained from medicinal 
liver oils, 40 trillion from shark and dogfish liver oils, 6 trillion 
from cod-liver oils, 20 trillion from imported oils, and 20 trillion 
from other industrial sources. 

Sulfadiazine, the fifth of the sulfa-drugs to be accepted by the 
medical profession, has now been released for general use. Sulfa- 
diazine, which is as effective as sulfapyridine and sulfathiazole 
in pneumococcal infections, is less nauseating. 

An enzyme known as tyrosinase, obtainable from mushrooms 
and potatoes, is effective in reducing high blood pressure when 
administered intravenously, according to studies by H. A. Schroe- 
der of the Rockefeller Institute for Medical Research. 

Penicillin, one of the most powerful non-toxic germ-killers yet 
discovered, is produced by a special strain of mold in bread and 
Roquefort cheese. Although it was originally observed by Flem- 
ming in 1929, its real effectiveness has been demonstrated only 
recently by Dawson and co-workers of Columbia University. 

The Goodyear Tire and Rubber Company has developed a 
tire especially designed for tractors which can be filled with a 
15 per cent solution of calcium chloride. A liquid-filled rear 
tractor tire holds to the ground better than does an air-filled tire 
because of the relatively small weight carried by the rear tires. 

The state of Louisiana approved a ten-year property tax ex- 
emption for the new twelve million dollar synthetic rubber and 
solvent plants being built by the Standard Oil Company at Ba- 
ton Rouge. These new plants will produce Buna rubber, Butyl 
rubber, and the necessary raw materials and solvents. 

Costa Rica, according to reports, has sulfur deposits in com- 


’ mercial quantities in two regions which run from 85 to 95 per 


cent sulfur. 

Four new synthetic rubber plants are being financed by the 
R.F.C. Each plant will cost about $1,250,000, and have an ini- 
tial annual production capacity of 2500 tons, with expansion 
plans for 10,000 tons per year. The plants are to be built and 
operated by Goodyear Tire and Rubber Company, Hydrocarbon 
Chemical and Rubber Company (a subsidiary of B. F. Goodrich 
Company), Firestone Tire and Rubber Company, and U. S. 
Rubber Company. Although this is a beginning, it is only a 
beginning when it is recalled that the United States’ consumption 
of crude rubber is about 600,000 tons a year. 

F. DEGERING 


AS THIS issue goes to press we have received notice 
of the sudden death, on November 9, of Dr. Wilhelm 
Segerblom, for many years a staunch supporter of the 
Journat and an active worker in the field of Chemical 
Education. 

Dr. Segerblom was a past chairman of the Division 
of Chemical Education and one of its organizers. 


A frequent contributor to the JOURNAL, he was at 
one time a Departmental Editor. He had a long 
and successful teaching career at Phillips Exeter 
Academy—from which he retired a few years ago— 
and was one of the most prominent and influential 
secondary-school teachers of chemistry. We have lost 
a genial friend and wise adviser. 
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Some Early American Students of Chemistry 


at the University of Edinburgh, 1750—1800' 


MARY EUGENIA KAPP? 
H. Sophie Newcomb Memorial College, Tulane University, New Orleans, Louisiana 


URING the latter half of the eighteenth century 
it was impossible for American students to ob- 
tain formal training in the sciences; so, after 

finishing their apprenticeship, young neophytes fre- 
quently went to Europe for further study at the great 
centers of learning in the British Isles and on the 
Continent. On the return of these youthful aspirants 
to their native country they were hailed by their 
friends and fellow citizens as masters of all the latest 
discoveries and improvements—reputations well borne 
out by lives of usefulness and distinction in the various 
fields of science. 

The University of Edinburgh was one of the fore- 
most of these great European centers for chemical 
study and research; we should, therefore, note certain 
able masters of that science who influenced visiting 
Americans during this period, notably Dr. William 
Cullen (1710-90), Dr. Joseph Black (1729-99), and 
Dr. Thomas Charles Hope (1766-1844). 

Dr. Cullen began teaching at the University of 
Edinburgh in 1755 when he was appointed joint profes- 
sor of medicine and chemistry with Dr. Andrew Plum- 
mer. After graduating as doctor of medicine in 1740 
from the University of Glasgow, he had gone into 
the practice of surgery in addition to lecturing on 
materia medica, botany, physics, and chemistry. 
About this time he made some enlightening discoveries 
on the evolution of heat in chemical reactions and on 
the cooling of solutions. Although Cullen was an ac- 
curate experimentalist, he was slow to draw conclu- 
sions and published few papers. His unpublished writ- 
ings, however, suggested to his famous student, Joseph 
Black, many important points in relation to latent 
heat. 

Because Cullen’s private practice was not very 
lucrative and the University of Glasgow medical 
school grew slowly, he was advised by friends to try 
for an appointment at Edinburgh. Asa result, in 1755 
he was elected joint professor of chemistry in that in- 
stitution and on the death of Dr. Plummer the fol- 
lowing year became sole professor. Cullen’s popularity 
as a teacher is shown by the increase in his classes from 
year to year, the enrolment having mounted from 17 
students to a maximum of 145; his power lay in ability 
to communicate his own interest and enthusiasm to 
his students. Dr. Benjamin Rush seems to have been 
impressed by the teachings of Cullen more than by 

1 Presented before the Division of the History of Chemistry 


at the 102nd meeting of the A. C. S., Atlantic City, New Jersey, 


September 9, 1941. 
' 2 Present address: The College of William afd Mary, Rich- 


mond, Virginia. 
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those of any other professor at Edinburgh. Before the 
College of Physicians of Philadelphia Rush said in 
praise of Dr. Cullen (1): 

“He enlarged the boundaries and established the utility of 
chemistry, and thereby prepared the way for the discoveries and 
fame of his distinguished pupil Dr. Black. - He was min- 
utely acquainted with the principles and practice of all the 
liberal, mechanical, and chemical arts.” 

Cullen’s most distinguished student was Joseph 
Black, who later succeeded him at both Glasgow and 
Edinburgh Universities. So many reviews have been 
written about this eminent scientist that an account 
of his life need not be included here. 

Thomas Charles Hope had been appointed joint 
professor with Black in 1795, succeeded him to the 
chair of chemistry in 1799, and for more than fifty 
years was a most successful teacher. He was the first 
exponent in the British Isles of the theories of Lavoisier 
and Dalton; his lectures were unusually clear; and 
his experiments were elaborate and almost always 
successful, thanks chiefly to Dr. Anderson, his assistant. 
Hope seems to have contributed two outstanding 
pieces of research, one the discovery of strontia, which 
he described to the Royal Society of Edinburgh, 
November 4, 1793; and the other, the establishment 
of the fact that water attains its maximum density at a 
few degrees above freezing. Dr. Hope was succeeded 
by William Gregory. 
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These then were the teachers who informed and 
inspired the young men who were to make outstanding 
contributions to science in America. 

Most of these students ultimately became inter- 
ested in medicine and all of those discussed in this paper 
except John Maclean, Samuel Mitchill, and John Gor- 
ham were at one time members of the faculty of the 
medical school which is now a part of the University of 
Pennsylvania. 

Two of these students, Dr. William Shippen and 
Dr. John Morgan, were chiefly responsible for the 
founding of the first separate medical school in this 
country. Since the first occupants of the chairs in 
this school were Edinburgh graduates, ‘it is not sur- 
prising to find by comparison of the two curricula 
that this American medical school is modeled after 
the Scottish institution. These two men are regarded 
as the fathers of systematic teaching of the sciences in 
America and it is fitting to give a short account of the 
events in each of their lives which led to this distinction. 

Morgan, born in 1735 in Philadelphia, was the son 
of Evan and Joanna Morgan. Evan Morgan, an 
emigrant from Wales, was both a successful merchant 
and a leader of civic activities in Philadelphia. His 
son John attended the Nottingham School for his 
early education and later was graduated in 1756 with 


WILLIAM CULLEN 


the first class of the College of Philadelphia. He be- 
gan the study of medicine as an apprentice under Dr. 
John Redman, then a prominent physician of that city, 
and remained with him for a few years. As was 
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customary with men of his ability, he went to Europe. 
In London he became especially interested in the lec- 
tures and dissections of Dr. William Hunter. As 
Hunter’s student he became adept in the art of in- 
jecting and preserving organs of the body with wax. 
Morgan then left London to study for two years at the 
University of Edinburgh under Monro, Cullen, Ruther- 
ford, and Hope. For his thesis on the formation of pus 
he was awarded in 1763 the degree of doctor of medi- 
cine. From Edinburgh he went to Paris and worked 
under the distinguished Dr. Eugéne Sue. His skill in 
preparing a specimen of the kidney by injection gained 
for him membership in the Paris Academy of Surgery. 

While in Europe he must have devoted some time 
to a consideration of what profession he should follow 
on his return to America, for, in a letter to Dr. Cullen 
written from London in 1764, he states (2): 


“TI am now preparing for America, to see whether, after four- 
teen years’ devotion to medicine, I can get my living without 
turning apothecary or practitioner of surgery. My scheme of 
instituting lectures you will hereafter know more of. It is not 
prudent to brooch designs prematurely and mine are not yet 
fully ripe for execution.” 


Benjamin Franklin had drawn the plan of the Col- 
lege of Philadelphia, which was founded in 1749. 
While Morgan and Shippen were at Edinburgh as 
students, the idea of establishing a medical school was 
conceived. These two men were successful in persuad- 
ing the trustees of the college to organize such a school 
and as the minutes of one board meeting record it (3), 


’ “entertaining a high sense of Dr. Morgan’s abilities and the 


high honors paid him by different learned societies of Europe, 
they unanimously elected him Professor of the Theory and Prac- 
tice of Physic,” 


a position which really amounted to a professorship of 
chemistry. According to Hepburn, Dr. Morgan was 
the ‘‘first teacher of chemistry in the oldest American 
medical school’; moreover, he, rather than Dr. Benja- 
min Rush, held the first professorship of that science 
in this country. 

Dr. Morgan took an active interest in politics; per- 
haps this activity led Congress in 1775 to elect him 
director-general of hospitals and physicians of the 
American Army. He was also active in establishing 
the American Philosophical Society and suggested the 
formation of the Philadelphia College of Physicians, 
organized in 1787. 

Following the appointment of Dr. Morgan, Dr. 
William Shippen, Jr., was elected professor of anatomy 
and surgery. Dr. Shippen was born in Philadelphia 
in 1736 and received his elementary training at the 
Nottingham School. After graduation in 1754 from 
the College of New Jersey, Shippen chose medicine 
as his profession and entered apprenticeship under his 
father, then a prominent physician in Philadelphia. 
The far-seeing old gentleman urged his son to study at 
European centers of learning and in 1757, soon after 
his twenty-first birthday, the young Shippen placed 
himself under distinguished teachers: in London, 
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under Mr. John Hunter, Dr. William Hunter, and 
Mr. Hewson, with whom he studied anatomy, and the 
celebrated Dr. McKenzie, who gave lectures in ob- 
stetrics; in Edinburgh, under Dr. Monro; and in Ley- 
den, under Boerhaave, then probably the ablest lec- 
turer in chemistry in Europe. Although Shippen 
had a fitness for ‘‘speculative ideas,’’ he was more de- 
voted to demonstration than to theory. Because of 
his experimental skill he was graduated with honors 
from the University of Edinburgh in the spring of 
1761 and returned to America in the summer of 1762 
where he proceeded to build up a reputation in practical 
surgery. Not satisfied with the mere practice of this 
art, he undertook to disseminate his knowledge by 
means of public lectures which a limited number of 
pupils attended. He was so successful with his classes 
that he was elected professor of anatomy and surgery 
in the newly organized medical school. 

Shippen was one of the founders of the College of 
Physicians and Surgeons of Philadelphia of which he 
was president from 1805 to 1808. When the charter of 
this school was repealed and the institution became 
instead the University of the State of Pennsylvania, 
he was given the chair of anatomy, surgery, and mid- 
wifery, a position which he held until his death in 1808. 

Dr. Benjamin Rush succeeded Dr. Morgan as pro- 
fessor of chemistry in the College of Philadelphia. 
Benjamin’s grandfather was an early dissenter from 
Oxfordshire and settled in Pennsylvania about twelve 
miles from Philadelphia at a place named Byberry. 
James, the eldest son, inherited the farm and here 
Benjamin, the son of James, was born December 24, 
1745. After thorough training at the Nottingham 
School under the Reverend Finley he entered the 
junior class of the College of New Jersey at the age of 
fourteen, taking the academic subjects but no science. 
He became an excellent public speaker and decided to 
study law; the family liked the idea but Reverend Finley 
persuaded him to go into medicine. For five years he 
was an apprentice under Dr. John Redman and in 
addition attended the lectures of Doctors Morgan and 
Shippen in the College of Philadelphia. The former 
taught materia medica; the latter used cadavers ob- 
tained from graves of slaves and paupers and frequently 
had to seek refuge from violence on the part of the 
citizens because of his supposedly indecent action. 

On the advice of Dr. Redman young Rush sailed for 
Europe in order to complete- his education at Edin- 
burgh under such celebrated men as Monro, Black, 
Gregory, Cullen, and Hope. During the first year 
there he put aside his first love, medicine, and became 
fascinated by the study of chemistry. Not much is 
known about his life as a student, but in June, 1768, he 
received the M.D. degree after presenting a thesis on 
the digestion of food in the stomach. It is interesting 
to note that the data were experimental in character 
and were obtained from the analysis of his own stomach 
contents after he had eaten certain foods, 

After continued study in London and Paris Dr. Rush 
returned to Philadelphia and began to practice medi- 
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cine. At the time of the organization of the College 
of Philadelphia, Dr. Cullen sent a letter of congratula- 
tions to Morgan and stated that Rush would be a 
valuable addition to the faculty. In 1768 Rush was 


Tuomas Hope 


duly appointed to the chair of chemistry. Soon there- 
after he published ‘‘A Syllabus of a Course of Lectures 
on Chemistry,” said by some authorities to be the first 
text contributed by an American and published in 
America. In this publication Rush laid a foundation 
for chemical education in this country. 

His teaching attracted attention because of his 
unusual ability and training and because he was a 
practitioner of the “new system.” Since he had been a 
pupil of Cullen, he advocated his former master’s 
teachings rather than those of the famous Dr. Boer- 
haave and thus made many enemies for himself. He 
did not enter the heated controversy existing at that 
time over phlogiston but accepted and taught the 
French views as correct. 

Rush was usually belligerent toward his colleagues 
and associates unless they were willing to accept his 
views to the letter. Dr. Charles Caldwell states that 
in one instance he was invited to the home of his 
teacher to discuss certain theories which Rush tried to 
force him to believe. Because Caldwell declined to 
become an exponent of these ideas the two men became 
bitter enemies. On several occasions when Caldwell 
proposed theories, supported in some cases by experi- 
mental data, Rush took up the ideas and lectured on 
them as his own. In spite of unpleasant specific in- 
stances, however, Rush was an excellent teacher and 
influenced many of his medical students to abandon 
medicine and to devote themselves to chemistry— 
James Woodhouse and Adam Seybert, for instance. 

Dr. Rush’s political career is of interest chiefly be- 
cause he was a signer of the Declaration of Independ- 
ence, his name standing between those of Benjamin 
Franklin and Robert Morris. After his Congressional 


term had expired, he accepted an appointment as sur- 
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geon-general of the armies of the Middle department. 
On an investigation he found the army medical situation 
not up to par and protested to General Washington 
concerning the mismanagement by Dr. Shippen, the 


BENJAMIN RusH 


director-general. Much of his criticism was just, be- _ 


cause the hospitals were mismanaged, soldiers died un- 
necessarily, and individuals profited from the purchase 
of supplies. When the matter was referred to Con- 
gress, that body decided in favor of Dr. Shippen, and 
Rush promptly resigned. This controversy ended 
Rush’s military career, and he returned to Phila- 
delphia to practice medicine and to resume his teaching. 

In 1791 the College of Philadelphia and the Univer- 
sity of the State of Pennsylvania united to form the 
University of Pennsylvania. Although most of the 
medical faculties of both schools were retained, some 
chairs were shifted. Dr. Rush was elected professor 
of the institutes of medicine and clinical medicine. 
On the resignation of Dr. Adam Kuhn in 1796, he be- 
came in addition professor of practice of physic and 
retained all of these posts until his death. 

Rush was one of the twelve senior fellows in the or- 
ganization of a medical society in Philadelphia, but 
his ungovernable temper forced him to resign because 
some members had opposed his popular methods of 
combating yellow fever in the 1793 epidemic, 7. e¢., 
blood-letting and doses of calomel and jalap. As much 
as one hundred ounces of blood were taken in extreme 
cases, and the dosage of calomel was ‘‘ten and ten.” 
He did not keep vital statistics and it is not certain 
just how effective the cures were. His belief that 
unsanitary conditions caused yellow fever evoked the 
anger of the city fathers, but in spite of all criticism, 
his reputation spread throughout the nation, and his 
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theories and methods were adopted by all prominent 
physicians. 

Benjamin Rush was a great educator, advocating the 
public school system in Pennsylvania. He even con- 
ceived the idea of establishing a college. The need for 
such a school was twofold: to give an increased oppor- 
tunity for higher education and to help the student who 
lived too far away from Philadelphia. The site he 
chose was Carlisle in the Cumberland Valley. A group 
of men designated as promoters was headed by John 
Dickinson, president of the State, for whom the school 
was named. Rush was instrumental in raising funds 
for its support both by subscription and by legislative 
appropriations. 

After an illness of only a few days Rush died April 
19, 1813, aged 68 years, and was buried in Christ’s 
Church graveyard in Philadelphia. 

He once wrote of himself (4) : 


“Medicine is my wife; science is my mistress; my books are 
my companions; my study is my grave; here I lie buried, the 
world forgetting, by the world forgot.” 


But the world has not forgotten him! 
The medical faculty of the College of Philadelphia in 
1769-70 included: 


Theory and Practice of Medicine John Morgan, M.D. 
Anatomy, Surgery, and Midwifery William Shippen, Jr., M.D. 
Materia Medica and Botany Adam Kuhn, M.D. 
Chemistry Benjamin Rush, M.D. 
Clinical Medicine Thomas Bond, M.D. 


In 1789 Dr. Wistar succeeded Rush as professor of 
chemistry. Caspar Wistar, born in Philadelphia in 
1760, was the son of a glass manufacturer who emi- 
grated from the Palatinate and settled in New Jersey. 
Early in life Caspar decided on a career of medicine 
and entered the University of the State of Pennsylvania 
where he attended the lectures of Doctors Morgan, 
Shippen, Kuhn, and Rush, at the same time working 
in the shop of Dr. Redman. In 1783 he left America 
to pursue his studies in Europe. His character and 
mentality were such that the trustees of the college in 
the spring of 1784 after his departure voluntarily con- 
ferred on him the degree of bachelor of medicine. 
After a year in London he went to Edinburgh where, in 
1786, he was graduated with honors and published 
his thesis, ‘‘De Animo Demisso,” dedicated to Benjamin 
Franklin and to William Cullen. On his return to 
America a year later he succeeded Rush as professor 
of chemistry in the medical school of the College of 
Philadelphia. Like Rush he was an excellent teacher 
and a versatile scientist. 

He was the first person in Philadelphia to hold regular 
evening conversation parties of a literary and scien- 
tific nature. Himself no great talker, he liked to 
make a few leading remarks to encourage and to guide 
profitable conversation. Joseph Priestley was present 
at one of these “‘Wistar Parties.”’ 

Dr. Wistar was regarded as one of the foremost men in 
his profession and after his death was commemorated 
by two public discourses, one under the auspices of the 
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American Philosophical Society, of which he had been 
made president in 1816, and the other by the Phila- 
delphia Medical Society. 

Adam Seybert was a pupil of Joseph Black’ although 
his biographies do not mention Black’s name. Sey- 
bert, born in Philadelphia, May 16, 1773, must have 
been trained entirely in common schools or under the 
parental roof since his name is not mentioned in the 
roster of students of the collegiate department of the 
University of Pennsylvania. However, his name is 
recorded in the medical school which awarded him a 
degree in 1793, his medical training having been re- 
ceived under the direction of Caspar Wistar. His 
doctoral thesis was remarkable in that it involved ex- 
perimentation on dogs in an attempt to disprove the 


theory of putrefaction of the blood in living animals 


during disease. Boerhaave had taught that the blood 
underwent decomposition in many diseases and (5) 
“under the imposing authority of his name, and by means of his 
industry the idea was diffused throughout almost the whole 
globe.” 

Seybert’s work was so unusual and attracted so much 
attention that it was reprinted by Charles Caldwell in 
1805 in a collection of outstanding theses of American 
medical institutions. 

Later Dr. Seybert went to London, Edinburgh, and 
finally to Paris where he enrolled in the Ecole des Mines 
because of his interest in mineralogy. After complet- 
ing his work in Paris, he was advised by Dr. Barton 
to go to Géttingen to continue his studies in chemistry 
and mineralogy, as he had apparently lost all interest 
in medicine. A few months after his study at Gét- 
tingen, he returned to Philadelphia and began a none 
too profitable practice of medicine. He was an able 
analyst and opened an apothecary shop and laboratory 
devoted to the manufacture of chemicals. It is claimed 
that he was the first in the United States to put mer- 
curials on the market. 

Seybert experimented on air and believed that air 
over a large body of water was purer than that over the 
adjoining land. He said in explanation of this theory 
that the difference was due to the decomposition which 
the water underwent from the sun’s rays and possibly 
to the absorption of foreign particles (6) ‘‘which on land 
are more or less intimately mixed with the air in a me- 
chanical way.” 

In compiling a catalog of some American minerals 
Seybert described about forty different kinds, prin- 
cipally those in the vicinity of Philadelphia, all of 
which were in his own collection. In 1808 he was en- 
gaged with James Woodhouse in a controversy over 
the metallurgy of the zinc blende of that section, the 
latter arguing that it was not feasible to obtain the 
metal from that ore. Seybert through analyses proved 
that the yield of metal would be profitable. 

Like Rush, Seybert took a prominent part in political 
affairs. In 1809 he was elected to Congress and held 

* Proof of this statement is shown by a letter‘signed by Adam 


Seybert. See Smitn, “Old chemistries,’’ McGraw-Hill Book 
Co., Inc., New York City, 1927, pp. 78-9. 
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that post until 1815. In 1817 he was re-elected for a 
term of two years. As a result of his interest in naval 
affairs and in the collection of data pertaining to 
revenues and expenditures of the federal government 
he prepared, in about 1818, a lengthy article on the 
“Statistical Annals of the United States of America” 
in which he told of the population, post offices, revenues, 
etc. It was so popular that it was printed in the Edin- 
burgh Review and was even translated into many of the 
European languages. At the end of his Congressional 
term he returned to Europe and died in Paris, May 2, 
1825, where he is buried in Pére la Chaise Cemetery. 

Dr. John Redman Coxe was professor of chemistry 
in the University of Pennsylvania from 1809-19 and 
later was transferred to the chair of materia medica 
and pharmacy in the medical school. Coxe was born 
in New Jersey in 1773 and received his early education 
under his grandfather, the distinguished physician, 
John Redman. At the University of Edinburgh he 
completed his classical training and returned to study 
medicine under Dr. Rush at the University of Penn- 
sylvania, where he received the M.D. degree in 1794. 
While a student he worked faithfully with Dr. Rush 
in the yellow fever epidemic of 1793 but after gradua- 
tion returned to Edinburgh for further study. His 
interest in chemistry made him an expert pharmacist 
and his lectures on materia medica and pharmacy were 
the chief source at that time of systematic instruction 
for prospective apothecaries. The sirup of squills 
of the U. S. Pharmacopoeia was his preparation and 
is known as Coxe’s Hive Syrup. Besides publishing a 
medical dictionary Coxe was editor of two journals, the 
Medical Museum and the American Dispensatory. 

John Gorham was most noted for his contributions 
to the teaching of chemistry. At the time he was 
professor of chemistry in Harvard University no ade- 
quate text on the subject existed, and in 1819 he pub- 
lished ‘“‘Elements of Chemical Science’ in two volumes 
of 1100 pages, to accompany the lectures delivered to 
the students. Edgar Fahs Smith in reference to the 
book says that (7) 

“Its introduction is practically a condensed history of the 
science. All reference to and discussion of mineralogical and 
geological topics, so noticeable iy earlier works, are omitted. 
It is very readable and contains a vast fund of information, so 
much, indeed, that the question forces itself as to whether it 
was not too exhaustive for those for whom it was primarily pre- 
pared.” 


Gorham was born in Boston, February 24, 1783. 
His early education consisted of training at Exeter, 
New Hampshire. From Harvard he obtained the de- 
grees of B.A., M.B., and M.D., the last in 1811. Soon 
after taking the M.B. degree he went to Europe, first to 
London for private lessons in experimental chemistry 
with Frederic Accum, most ncted teacher of chemical 
manipulation in Europe, and later to the University of 
Edinburgh for study with Thomas Hope. On the 
resignation of Aaron Dexter in 1809 he was appointed 
adjunct professor of chemistry and materia medica at 
Harvard University. He published several original 
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articles: ‘Analysis of Sulphate of Barytes from Hat- 
field, Mass.,” “‘Chemical Examination of Sugar Sup- 
posed to Have Been Intentionally Poisoned,” and 
“Chemical Analysis of Indian Corn.” He became a 
fellow of the American Academy of Arts and Sciences 
and a member of the Massachusetts Medical Society. 
In 1827 he was succeeded by John W. Webster as 
Ewing Professor of Chemistry and died two years later. 

Dr. Edgar Fahs Smith states that Samuel Latham 
Mitchill studied under Joseph Black at the early age 
of nineteen. Samuel was born at North Hempstead, 
Long Island, in 1764. Of his early education not much 
is known; the interesting part of his career began with 
his residence in Edinburgh where he obtained the M.D. 
degree in 1786. After graduation he returned to 
Philadelphia to practice medicine and to begin the 
study of law. The idea of law was soon dropped, 
however, and in 1792 the appointment to the chair of 
natural history, chemistry, and agriculture in King’s 
College, now Columbia University, began his profes- 
sional career. Dr. Mitchill had accepted the theories 
of the “newer chemistry,” partly through the influence 
of Black but chiefly by means of his own thought and 
experimental work. In 1801 he published an essay 
on the nomenclature of the new chemistry, entitled 
“A Synopsis of Chemical Nomenclature and Arrange- 
ment,” essentially a translation of a part of the famous 
book on nomenclature by Lavoisier and his colleagues. 

Mitchill began to see the need of some medium by 
which the views of various doctors could be expressed 
to the public. Out of this need grew the journal 
Medical Repository which he established in 1797 with 
Edward Miller and Elihu H. Smith. The journal was 
originally intended to serve only medicine but it be- 
came devoted to general science as well. 

When Joseph Priestley arrived in America Mitchill 
was on hand to greet him, never dreaming of the inter- 
esting intercourse and close friendship that were to be 
theirs. Priestley was eager to convince American 
scientists of the existence of phlogiston, and, as a result, 
a great controversy ensued. Even though James 
Woodhouse and others demonstrated experiments 
proving the nonexistence of phlogiston, Priestley 
sought to support himself by correspondence in the 
journals. One would think that Mitchill would have 
supported the experimental evidence; but in his 
conservative manner he advised the readers of the 
Medical Repository “‘to beware, even at this time, 
of too much positiveness.” He endeavored to preserve 
kindly feelings among the ‘‘fathers’”’ by suggesting that 
all of their works were satisfactory but that because 
each was confused in his terms they could naturally 
come to no agreement. 

Early in his career Mitchill was interested in the 
decay of matter and in the origin of the poisons which 
arose in the decay of organic nitrogenous bodies. He 
believed he could overcome this poisonous material 
“through the agency of an element which by union 
with oxygen” would give rise to “acidic products which 
would arrest decay and utterly annihilate the noxious 
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gaseous bodies.’’ He named this new principle septon 
saying that it was azote (nitrogen) which in reaction 
with oxygen gave nitrous and nitric acids, concluding 
that azote pre-existed in the form of septon. After 
some discussion he added that his acid of septon was a 
combination of Scheele’s base chlore with oxygen and 
was the same as that of (8) 


“oxygenated muriatic acid which is proved by modern chemists 
to be an element of extraordinary nature and most disorganizing 
properties.” 


His theories of this septic action, though somewhat 
fanciful, gave an incentive to the study of sanitary en- 
gineering. 

Dr. Mitchill’s political life began by his election to 
the legislature of New York in 1790 and extended over a 
period of twenty-two years. He served in the seventh, 
eighth, and eleventh Congresses. During his residence 
in Washington from 1801 to 1813 he wrote almost 
daily letters to Mrs. Mitchill and kept her informed 
about all the political and social events around him. 
Politics became so interesting that he resigned his 
professorship at Columbia but at the end of his political 
career accepted a position as proféssor of chemistry in 
the College of Physicians and Surgeons in New York. 
In 1826 he resigned this post and with his colleagues, 
J. W. Francis and David Hosack, formed Rutgers 
Medical College. 

Besides being a great teacher Mitchill was the great- 
est of our icthyologists and a true pioneer in geology. 
He proposed Freedonia as a more appropriate name 


‘for the United States—a topic that provoked a vol- 


uminous correspondence now preserved by the New 
York State Historical Society. A gentleman who was 
in Greenwood Cemetery on the day of Mitchill’s 
funeral, September 7, 1813, asked the sexton who was 
buried. The sexton answered (9), 


‘A great character, one who knew all things on earth, and in the 
waters of the deep.” 


A postscript added to a communication to Benjamin 
Silliman of February 10, 1810, referring to the editing 
of an American edition of Henry’s chemistry, makes a 
reference to Professor Mitchill (10): 


“Have you seen the last number of the Medical Repository? 
If not, be informed that the great Gas Holder Mitchill, in order 
to excite a blaze has thrown two bubbles of hydrogen at the 
heads of the antiphlogistians .... God help him; like all the other 
tail bearers of Stahl, he thinks he must be right, if his opponents 
in any one instance have been wrong. I hope that someone will 
give him, if he is worthy of notice, that flagellation that he 
merits.” 


According to the records of Princeton University the 
first professor of chemistry in that institution was 
John Maclean. This eminent person was born in 
Glasgow, Scotland, in 1771; his father was a surgeon in 
the British army and is said to have been the third man 
to scale the Heights of Abraham when Quebec was 
captured from the French. Like Benjamin Barton, 
the boy was early left an orphan. After his prelimin- 
ary education at the Glasgow grammar school, he 
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entered the University of Glasgow and became inter- 
ested in chemistry, natura] philosophy, medicine, and 
anatomy. At about the age of sixteen he went to 
Edinburgh where he was greatly impressed by the 
theories of Lavoisier and Berthollet. His medical 
diploma was conferred by Glasgow in 1791. 

Dr. Maclean thought that at this time the oppor- 
tunities in America would be rich and so decided in 
1795 to sail for this country, where he settled, on the 
advice of Dr. Rush, at Princeton, the seat of the Col- 
lege of New Jersey. During the first summer he de- 
livered a series of lectures on chemistry which proved 
so popular that in October he was elected professor of 
chemistry and natural history in the college, thus be- 
coming the first professor of chemistry in a purely aca- 
demic school. In the library of Princeton University 
is a notebook on chemistry by John Eager Howard, Jr., 
dated 1806. Howard was a pupil of Dr. Maclean and 
these notes are apparently a transcript of Maclean’s 
lectures. Such subjects as the following appear in the 
manuscript (11): 


caloric phosphorous antimony 
light alumine mercury 
electricity magnesia zine 
oxygene pot-ash tungstein 
azote soda platina 


These substances were so-called ‘‘simple substances” 
according to his definition (12): 

‘Matter may be divided into dead and living. Of dead sub- 
stances some are simple and others compound. The simple 
are those whose composition is unknown, and the compounds 
are such as have been analyzed into simple parts.” 


Seventeen of these simple substances were metals, 
further divided into semimetals and metals. A sec- 
ond and shorter course in chemistry was given by Dr. 
Maclean, one which dealt with living bodies, 7. e., the 
structure, composition, and organization of vegetables, 
vegetable products, and volatile oils. It seems that the 
doctor gave attention to the relation of chemistry to 
agriculture and manufacturing as well as to medicine. 
For about twelve years Dr. Maclean held classes in 
chemistry without the use of a textbook, but on the 
publication of Henry’s “Epitome of Chemistry’ he 
used it to supplement his lectures and experiments. 

Dr. Maclean had accepted the theories of the “new 
chemistry,” as the antiphlogiston idea of Lavoisier was 
called. To support and to defend these theories he 
published ‘“Two Lectures on Combustion, Supplement- 
ary to a Course of Lectures, read at Nassau Hall, con- 
taining an Examination of Dr. Priestley’s Considera- 
tions on the Doctrine of Phlogiston and the Decom- 
position of Water.”’ Priestley had arrived in America 
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only a year before and (13) “‘his frequent presence 
among men of science of that day greatly stimulated 
scientific studies.” Priestley never completely be- 
lieved, or rather refused to believe, the antiphlogiston 
theory and the discussions were continued for a time by 
Maclean, Priestley, Woodhouse, and Mitchill in the 
Medical Repository. In 1812 Maclean resigned at 
Princeton to accept the chair of chemistry at the Col- 
lege of William and Mary, but because of poor health 
he stayed there only a year and died in Princeton in 
1814. 

In a letter dated December 1, 1801, Dr. Maclean ad- 
dressed Rev. Dr. Samuel Stanhope Smith, president 
of the College of New Jersey, giving this list of the 
essential books for a chemistry student: 


Lavoisier’s “Elements of Chemistry” 
Fourcroy’s ‘‘Elements of Chemistry” 
Chaptal’s “Elements of Chemistry” 
Thomson s “Mineralogy” 

Priestley’s ‘‘Experiments on Airs’’ 
Scheele’s ‘‘Chemical Essays” 

Thier’s ‘‘Chemical Dictionary” 
Crell’s ‘Chemical Journal” 

Annales de Chimie 


Several famous American physicians studied under 
Cullen, Black, and Hope at the University of Edin- 
burgh, but a discussion of them and of their work is 


beyond the scope of the present paper. 


ACKNOWLEDGMENT 


To Dr. Clara de Milt the author wishes to express 
appreciation for valuable suggestions. 


LITERATURE CITED 


(1) Hepsurn, “Smith and Morgan, our first chemists,’ The 
General Magazine and Historical Chronicle, XXXV, No. 
III, 504 (July, 1933). 

(2) Carson, “History of the medical department of the Uni- 
versity of Pennsylvania,”’ Lindsay and Blakiston, Phila- 
delphia, 1869, p. 46. 

(3) Ibid., p. 53. 

(4) SmitH, “Chemistry in old Philadelphia,” Lippincott, 
Philadelphia, 1919, p. 7. 

(5) Smita, “Chemistry in old Philadelphia,’’ op. cit., p. 24. 

(6) JoHNSON AND MAtong, Editors, “Dictionary of American 
biography,’’ Charles Scribners and Sons, New York City, 
1928, XVII, p. 2. . 

(7) SmitH, “Old chemistries,” McGraw-Hill Book Co., Inc., 
New York City, 1927, p. 61. 

(8) Smita, “Samuel Latham Mitchill—a father in American 
chemistry,’ J. Ind. Eng. Chem., 14, 559 (1922). 

(9) Ibid., p. 560. 

(10) Foster, “Some letters by Dr. John Maclean,” J. CHEM. 
Epuc., 6, 2104 (1929). 

(11) Fostsr, “John Maclean, chemist,” Science, 60, 308 (1924). 

(12) Ibid., p. 308. 

(13) Smit, “Chemistry in America,” D. Appleton Co., New 
York City, 1914, p. 109. 


e@ At last glass building blocks are being made, by the 
Pittsburgh Corning Corporation, which afford almost 
window-like vision. 


The new “Vue” blocks permit 


sufficient general vision of large objects or movements 
to prevent a “shut-in” feeling, although the visibility 
of sharp detail is seldom possible. ‘ 
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Symposium on Professional Training 
of Chemists or Chemical Engineers 


Objectives of the Curriculum 


for the Professional Training of Chemists 
J.C. WARNER Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


ONFUSION has prevailed concerning the separate 
objectives of the curriculum in chemistry and 
the curriculum in chemical engineering ever since 

the establishment of curricula in chemical engineering 
in American colleges and universities. It is not sur- 
prising that there was confusion in aims during the 
period in which the new profession of chemical engineer- 
ing was taking form and courses of instruction to pre- 
pare students for the profession were being organized. 
It seems inexcusable, however, that confusion still ex- 
ists 53 years after the institution of the first curriculum 
in chemical engineering, 33 years after the organiza- 
tion of the American Institute of Chemical Engineers, 
and 65 years after the formation of the American Chemi- 
cal Society. 

To the best of my knowledge, this is the first sym- 
posium sponsored by the American Chemical Society 
or any of its Divisions for the purpose of clarifying the 
distinction between the profession of chemistry and 
the profession of chemical engineering. It must be 
admitted that the American Institute of Chemical 
Engineers has been considerably ahead of the American 
Chemical Society in giving definition to its professional 
field, accrediting curricula which properly prepare stu- 
dents for the profession, and in setting satisfactory 
standards for admission to membership. 

The existing confusion can be eliminated by defining 
the objectives of the curriculum in chemistry and of 
the curriculum in chemical engineering, by agreeing 
that there are certain normal outlets for graduates in 
chemistry and certain normal outlets for graduates in 
chemical engineering, and by recognizing that there is 
a legitimate profession of chemistry and a legitimate 
profession of chemical engineering. Clarification will 
lead to the following desirable results: 

1. Departments of chemistry and chemical en- 


1 Presented as part of a Symposium on Professional Training 
of Chemists or Chemical Engineers, sponsored by the Division of 
Chemical Education at the 102nd meeting of the A. C. S., At- 
lantic City, New Jersey, September 10, 1941. 


gineering will be able to work in harmony on the same 
campus. 

2. A spirit of mutual respect and coéperation be- 
tween the two professions will develop. 

3. Effective guidance information may be given to 
prospective students. 

4. The employer will be able to decide, when he has 
a position to fill, whether he should hire a chemist or a 
chemical engineer. 

In this attempt at clarification, it seems important 
to begin with an analysis of the facts and situations 
which are responsible for the confusion: 

1. Most of the early “chemical engineering” cur- 
ricula provided, and many current ‘‘chemical engineer- 
ing” curricula provide training in chemistry rather than 
in chemical engineering. This is not true of the modern 
four-year curricula in chemical engineering and is not 
true in general of those which have been accredited by 
A.I.Ch.E. However, only 42 of the 99 curricula sub- 
mitted to A.I.Ch.E. under the label of “chemical en- 
gineering” have been accredited. 

2. Many curricula in “chemistry” have not given, 
and do not at present give adequate training for the 
profession of chemistry. This situation has been es- 
pecially prevalent in colleges devoted to the idea of a 
“liberal” rather than a professional education. This 
is no quarrel with the sincere exponents of liberal edu- 
cation, but the colleges that pretend to provide profes- 
sional training in chemistry within the limitations of time 
imposed by the usual idea of what constitutes a “‘liberal’’ 
education have added to the confusion. And their prac- 
tice has served to handicap the good departments of 
chemistry, their graduates, and the profession of chemis- 
try. Tobe more specific, a student who has been gradu- 
ated with the label of “‘chemist” from a curriculum which 
only requires training in chemistry comparable to that in- 
cluded in chemical engineering curricula is a handicap to 
the profession unless he continues his studies in graduate 
school; and he would need to spend at least a year in 
graduate school before he would have a training equiva- 
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lent to that of the holders of the Bachelor’s degree from 
the curricula which are designed to prepare students for 
the profession of chemistry. Fortunately a consider- 
able number of chemistry departments have adopted 
curricula designed to prepare their graduates for pro- 
fessional work in chemistry. The graduates of these 
curricula are prepared for certain normal types of 
work in the chemical and process industries, and gradu- 
ates of the modern four-year curricula in chemical 
engineering are not prepared for these positions. 

3. Some influential members of the profession of 
chemistry have stubbornly refused to recognize that 
there is a profession of chemical engineering separate 
and distinct from the profession of chemistry. It seems 
clear that any fair appraisal of the facts denies the 
validity of this attitude. Although the two profes- 
sions are closely related and a person may migrate from 


one profession to the other in the course of his career, : 


it still is a practical fact that the initial positions which 
graduates of a good chemistry department are best 
prepared to enter are, in the main, different from those 
for which the graduates of a modern chemical engineer- 
ing curriculum are prepared. 

4. Some influential persons have insisted on the 
view that a man cannot be a chemical engineer without 
first being a chemist. One might as well insist that a 
man cannot become a metallurgical engineer without 
first being a chemist, or that a man cannot become a 
civil, electrical, or mechanical engineer without first 
being a physicist. As desirable as one might consider 
this idea in training engineers, one must conclude, if 
one examines the American situation realistically, 
that it simply isn’t true. There are two important 
schools in which the above philosophy seems to pre- 
vail in the training of chemical engineers, and these 
_ schools find that a five-year curriculum is required to do 

_ the job. Even with minimum time devoted to mathe- 
matics, physics, and the humanities, it seems obvious 
that a student cannot be trained both as a chemist and 
as a chemical engineer in a four-year curriculum. 

5. The American Chemical Society has seemed re- 
luctant officially to consider chemical engineering as a 
profession distinct from the profession of chemistry. 
The recent belated program for the examination of 
chemistry curricula and chemistry departments is an 
indication of a change in attitude, but for evidence of 
the confusion which frequently exists in official circles 
in our Society, one need only read the recent publica- 
tion ‘‘Vocational Guidance in Chemistry and Chemical 
Engineering.”* This publication hardly deserves to 
be classed as guidance material because it certainly 
is of little use in helping the prospective student decide 
the practical problem of whether he should follow a cur- 
riculum in chemistry or a curriculum in chemical en- 
gineering. I raise no objection to having the American 
Chemical Society accept metallurgists and chemical 
engineers as well as chemists to membership in the 
Society, but I have the deep conviction that in the 


2 Ind. Eng. Chem., News Ed., 17, 701 (Nov. 20, 1939). 
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matters of accrediting curricula and departments, pro- 
viding guidance for prospective students, and setting 
professional standards, the Society must devote itself 
to the profession of chemistry. The metallurgists and 
chemical engineers have their own professional societies 
which are actively promoting and guarding the pro- 
fessions of metallurgical and of chemical engineering. 
Chemists, departments of chemistry, and students of 
chemistry have a right to expect the American Chemi- 
cal Society to perform a similar function for the pro- 
fession of chemistry. 

Any curriculum designed to train students for a pro- 
fession in science or engineering may be divided into 
two parts: (a) The social-humanistic stem which in- 
cludes studies in English, language, social sciences, and 
the humanities, and (b) the scientific-technical part 
devoted to courses which will make the student com- 
petent to enter the normal outlets in the profession. 

Formulation of the objectives of the social-humanis- 
tic part of the chemistry curriculum presents no dif- 
ficulties because the objectives must be much the same 
for this part of any curriculum in science or engineering. 
As objectives for this part of the chemistry curriculum, 
the chemistry faculty at the Carnegie Institute of 
Technology likes those approved by the Society for the 
Promotion of Engineering Education,* and has joined 
with the other science and engineering departments 
of the Institute in the development of a codrdinated 
program of study throughout the four years which it 
hopes will accomplish the following objectives: 

1. Understanding of the evolution of the social 
organization within which we live and of the influence of 
science and engineering on its development. 

2. Ability to recognize and to make a critical 
analysis of a problem involving social and economic ele- 
ments, to arrive at an intelligent opinion about it, and 
to read with discrimination and purpose toward these 
ends. 

3. Ability to organize thoughts logically and to ex- 
press them lucidly and convincingly in oral and written 
English. 

4. Acquaintance with some of the great master- 
pieces of literature and an understanding of their set- 
ting in and influence upon civilization. 

5. Development of moral, ethical, and social con- 
cepts essential to a satisfying personal philosophy, to a 
career consistent with the public welfare, and to a 
sound professional attitude. 

6. Attainment of an interest and pleasure in these 
pursuits and thus of an inspiration to continued study. 

The complete attainment of these objectives would 
represent an ideal situation. However, it seems cer- 
tain that more can be done toward their realization 
with a planned and articulated program than usually is 
accomplished by the free elective system. At the 
Carnegie Institute of Technology, 28 to 30 semester 
hours of the 128 to 132 semester hours required for a 
Bachelor’s degree are devoted to English and coérdi- 


3 J. Eng. Education, 30, 555 (March, 1940). 
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nated social-humanistic studies. A number of colleges 
have given serious thought to the efficient organi- 
zation of the social-humanistic part of curricula for 
the professional preparation of students in science and 
engineering.‘ 

It is in the formulation of objectives for the scientific- 
technical part of a curriculum that distinctions must 
be made in designing curricula to prepare students for 
the various professions in science and engineering. Our 
present problem of clarification is one of setting objec- 
tives for the scientific-technical part of the chemistry 
curriculum which are distinct from the objectives of 
this part of the chemical engineering curriculum—ob- 
jectives for each upon which the two professions can 
agree. The formulation of these separate objectives 
has been the subject of much study and discussion at 
the Carnegie Institute of Technology during the last 
three years. 

Clearly, the objectives of the scientific-technical part 
of the chemistry curriculum must be to prepare stu- 
dents to enter the normal outlets for graduates in 
chemistry. To arrive at conclusions concerning those 
positions which the graduate of a good chemistry cur- 
riculum is best prepared to enter and those which the 
graduate of a modern four-year chemical engineering 
curriculum is qualified to fill, we have analyzed four 
chemistry curricula and three modern curricula in 
chemical engineering. The training in chemistry re- 
quired in these chemistry and chemical engineering 
curricula, and the chemistry requirement in the A. C. S. 
minimum standards for approval are given in Table 1. 

The four chemistry curricula were selected as typical 
of curricula designed to provide students with profes- 
sional training in chemistry. The three four-year 
chemical engineering curricula are offered by depart- 
ments which have been on the A.I.Ch.E. accredited 
list from the beginning; their faculty members have 
high standing in the profession of chemical engineering, 
and these departments have long enjoyed the reputa- 
tion of doing an excellent job of preparing students for 
the profession of chemical engineering. 

There has been no confusion about the difference 
between the objectives of graduate training in chemistry 
and graduate training in chemical engineering; the 
principal confusion has been with the objectives of the 
curricula leading to the Bachelor’s degree. It is not dif- 
ficult to distinguish between the objectives of the chem- 
istry curricula and the objectives of the chemical en- 
gineering curricula listed in the table. These chemistry 
curricula are preparing students not only to undertake 
graduate work in chemistry but also to do analytical 
work and, under proper supervision, to do laboratory ex- 


perimental work in the chemical and process industries, 


and in other laboratories which do chemical research 
and development work. When reference is made to 
the work of the analytical chemist, the routine analysis 
and testing of materials by established procedures are 
not included. This routine work can be, and usually 


*See for example: Bull. Calif. Inst. Tech., 49, No. 1,125 
(Jan., 1940). 
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is, carried on by trained technicians who should be 
classed as skilled laborers rather than as analytical 
chemists. The work of the analytical chemist involves 
the selection and development of the most economi- 
cal and reliable procedures for making analyses, and 
the performance of analyses which are not routine or 
require specialized technics. The supervision and in- 
terpretation of the work of the technician doing routine 
analyses and tests also is a function of the analytical 
chemist. 

There is no pretense that the graduate at the Bache- 
lor’s level of preparation in chemistry is qualified to do 
independent chemical research, but he can be well pre- 
pared to do laboratory experimental work under the 
guidance and supervision of an experienced research 
chemist. Many laboratory research assistants de- 
velop into competent research chemists, but this dis- 


‘cussion is confined to the initial positions which gradu- 


ates of a good undergraduate curriculum in chemistry 
are prepared to enter. 

It seems obvious that the graduates of the modern 
four-year curricula in chemical engineering, with their 
27 to 33 semester hours of training in chemistry, with 
only 9 to 13 semester hours of work in chemistry labora- 
tory, are not prepared to do laboratory experimental 
work in chemistry or to serve as analytical chemists. 
However, the graduate of these chemical engineering 
curricula is definitely prepared to do an important 
type of engineering work in the chemical and process 
industries; namely, engineering work involving the 


‘unit operations in the pilot plant development and 


plant operation of a process, and in the design of chemi- 
cal engineering equipment. 

The normal positions for chemists and for chemical 
engineers in the chemical and process industries can 
be summarized along functional lines as follows: 


NorMAL POSITIONS FOR CHEMISTS AND CHEMICAL ENGINEERS 
IN THE CHEMICAL AND PROCESS INDUSTRIES 


Chemists Chemical Engineers 
Analysis Laboratory Technical Research on Pilot plant 

and scale re- sales unit oper- develop- 
control search on a mud ations. ment and 
work and devel- service Design of plant op- 

opment of chemical eration of 

new prod- equipment a process 

ucts, and and chem- 

the im- ical plants 

provement 

of proc- 

esses 


The following summary has been prepared to show 
the normal outlets for chemists who have received the 
Bachelor’s, Master’s, or Doctor’s degree. 


1. For graduates with the B.S. degree in chemistry 
(a) As research assistants doing laboratory 
experimental work in chemistry in indus- 
trial, foundation, consulting, and govern- 
ment laboratories 
(b) As analytical chemists in the above labora- 
tories 
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(c) As graduate students in chemistry and re- 
lated fields 
(d) As technical sales and service men for the 
chemical and process industries 
(e) Asteachersof science in thesecondary schools 
2. For graduates with M.Sc. degree in chemistry 
The program of study leading to the Master’s 
degree may be a part of the program leading to 
the Doctor’s degree, or it may have its own ter- 
minal objectives. In the latter case some special- 
ization should be expected which would prepare 
the graduate for the better positions in laboratory 
experimental work and as analytical chemists, 
those positions requiring some specialized knowl- 
edge of subject matter and laboratory technics. 
For example, the program of study leading to the 
Master’s degree may have provided the graduate 
with special training in organic syntheses, or- 
ganic characterizations, chemical microscopy, 
microanalysis, spectrographic analysis, bio- 
chemistry, applied electrochemistry, or in any 
one of a host of special fields. 
3. For graduates with the D.Sc. or Ph.D. degree 
(a) As research chemists in industrial, founda- 
tion, consulting, and government labora- 
tories 
(b) As teachers and research chemists on the 
chemistry facultiesofcolleges, universities, 
and technical schools 


It cannot be claimed that the good undergraduate 
chemistry curriculum prepares students uniquely for 
employment in technical sales or as science teachers in 
secondary schools. For work in the technical sales 
and service departments of the chemical and process 
industries, the personal characteristics and attitudes of 
the graduate are of prime importance and the choice of 
the curriculum in science or engineering which would 
give the most suitable technical background is probably 
of secondary importance. Considering the strangle 
hold which the teachers’ colleges and schools of edu- 
cation have on the preparation of secondary-school 
teachers, teachers’ certification and tenure laws, it seems 
certain that the preparation of chemistry teachers for 
the secondary schools cannot be a major objective of the 
undergraduate chemistry curriculum. 

The principal objectives of the undergraduate chem- 
istry curriculum should be to prepare the students for: 

1. Employment as research assistants to do labora- 
tory experimental work under the supervision of an 
experienced research chemist. 

2. Graduate study in one of the major branches of 
chemistry or a related field. 

3. Employment as analytical chemists. 

There is evidence that some industries still employ 
graduates of four-year curricula in chemical engineering 
for work as laboratory research assistants and as ana- 
lytical chemists. In so doing, I believe employers 
are thinking in terms of their experience with the gradu- 
ates of the earlier chemical engineering curricula which 
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provided moderately good training in chemistry. 
Fifteen years ago the chemical engineering curriculum 
at the Carnegie Institute of Technology required 40 to 
45 semester hours of chemistry (more than the present 
A.C.S. minimum requirement in chemistry). In recent 
years, the chemistry content has gradually decreased 
to the present requirement of only 28 semester hours. 

This trend is fairly nation-wide and is justifiable be- 
cause any rational consideration of the problem will 
lead to the conclusion that one cannot expect to train 
men in the basic fields of mathematics and physics, 
devote a reasonable time to English and social-human- 
istic studies, and still train men in both chemistry and 
chemical engineering. It therefore is proper that chemi- 
cal engineering departments should devote a smaller 
portion of the curriculum to chemistry so that their 
graduates may be adequately trained as engineers, if 
their graduates are to deserve the name chemical en- 
gineer. But it seems clear that the graduate of the 
modern four-year curriculum in chemical engineering 
is not trained to do laboratory experimental work in 
chemistry or the work of the analytical chemist, nor 
does he care to do so. 

There has been no difficulty in distinguishing between 
the objectives of the chemistry curricula which, like 
those listed in Table 1, are definitely designed to pro- 
vide professional training in chemistry and the ac- 
credited four-year curricula in chemical engineering. 
The complexities are introduced by the curricula which 
are labeled ‘‘chemical engineering’’ but actually provide 
training in chemistry, by the curricula labeled ‘‘chem- 
istry” that do not provide adequate training for the 
profession, to a certain extent by the five-year curricula 
which provide training in both chemistry and chemical 
engineering, and by a few influential persons in both 
professions who have not thought the situation through. 

Both the A. C. S. and the A.I.Ch.E. should be in- 
sistent that a curriculum be properly labeled. The 
A.I.Ch.E. should and does insist that a curriculum 
prepare a student as a chemical engineer as a prereq- 
uisite to accrediting. The A. C. S. should insist 
that a chemistry curriculum prepare a student for the 
profession of chemistry. The recent A. C. S. program 
for the examination of chemistry curricula and chem- 
istry departments certainly is a step in the right direc- 
tion, but the minimum chemistry content required for 
the approval of a curriculum is not high enough to in- 
sure either adequate training for the profession or a 
clear distinction between curricula in chemistry and 
curricula in chemical engineering. Typical chemistry 
curricula which, like those in Table 1, are designed to 
provide professional training in chemistry require 50 
to 60 semester hours of chemistry, whereas the mini- 
mum A. C. S. requirement, on the same basis of reck- 
oning, is only 36 to 39 semester hours. 

It is realized that an incompetent staff will not prop- 
erly train a chemist even with the best published cur- 
riculum. On the other hand, the most competent staff 
cannot train a chemist without having an adequate 
portion of the student’s time. Thus quality of staff, 
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TABLE 1 
ANALYSIS OF CHEMISTRY AND CHEMICAL ENGINEERING CURRICULA* 
Gen. Chem. Elem, Add Total Semester 
Qual. Anal. Elem. Org. Phys. Adv. Minimum Totals Sci. Hours in 
CHEMISTRY Quant. Anal. Chem. Chem. Chem. 5 Lab. Elec, Chemistry 
A. C. S. Minimum 14.0-15.3 9.3-10.0 8.0 5.0-5.3 22.0 14.2-16.6 36.2-38.6 
Brown University 16 8 12 12 25 23 28 48-62 
California Institute of Technology 16 10 10 10 29 17 12 46-52 
Carnegie Institute of Technology 15 9 8 18 31 19 12 50-56 
Massachusetts Institute of Technology 21 10 8 25 34 30 10 64-69 
CHEMICAL ENGINEERING 

Carnegie Institute of Technology 13 8 f 18 10 28 
Massachusetts Institute of Technology 18 8 7 20 13 33 
University of Michigan 13 8 6 18 9 27 


* In making this computation, it has been assumed that three hours per week in laboratory work are equivalent to one semester hour, that three 


semester units are equivalent to one semester hour, and that a normal student load should not be higher than sixteen to eighteen semester hours. 
California Institute of Technology, term units have been converted into semester hours. 


For the 
In the column giving total semester hours in chemistry, the low 


figure represents the minimum required by the curriculum. The high figure was obtained by assuming that one-half of the semester hours in scientific or 


technical electives are taken in advanced chemistry courses. 
ments. 
the same for all curricula and for the A. C. S. minimum requirements. 
and for the purpose of the argument. 


quality of students, curriculum content, and facilities 
for instruction and research must all be considered in 
setting educational standards and in accrediting. In 
spite of the obvious difficulties that are bound to be 
encountered in instituting any program of accrediting, 
it seems extremely important that the minimum chem- 
istry requirement for an approved chemistry curricu- 
lum should be raised to 50-60 semester hours, with- 
out any decrease in the requirements in mathematics 
and with some increase in the requirements in physics. 
After providing for training in English and foreign 
language, there would still remain room for two one- 
semester courses in scientific-technical electives and 
for 15 to 25 semester hours of social-humanistic studies. 
It seems certain that 15 to 25 semester hours devoted to 
a coérdinated, articulated program of studies in the 
humanities will prepare the student to take an intelli- 
gent and active part in our industrial society. 

With the standards for accrediting chemistry cur- 
ricula and departments suggested above, and with the 
current standards of the A.I.Ch.E. for accrediting de- 
partments of chemical engineering, there would be no 
confusion concerning the objectives of accredited cur- 
ricula in chemistry and in chemical engineering. 
Furthermore employers would know that graduates 
from an accredited chemistry curriculum would be 
competent as research assistants for laboratory ex- 
perimental work in chemistry and as analytical chem- 
ists. There also would be assurance that the holder 
of a Bachelor’s degree from an accredited chemistry 
curriculum would come to graduate school with ade- 
quate preparation in chemistry. It certainly is a 
misnomer to apply the name “graduate work’’ to the 
program which many chemistry students are qualified 
to take in their first year in a reputable graduate school. 
Graduates with the Bachelor’s degree from chemistry 
curricula equivalent to those outlined in Table 1 (and 
from curricula which meet the requirements which have 
been proposed for A. C. S. accrediting) will have as 
much training in chemistry as is possessed by a ma- 
jority of present-day M.Sc. graduates. 

Assuming that the American Chemical Society will 


Inquiry revealed that this estimate corresponds approximately to the practice in these depart- 
Close examination may reveal minor errors in the division of course credit between class and laboratory work, but the system of computation was 
The figures given should therefore be sufficiently reliable for making comparisons 


raise standards for accrediting to those that have been 
suggested, those responsible for the professional train- 
ing of chemists have an additional important job to do. 
Some qualified committee representing the profession 
of chemistry—and we would like to suggest that a 
committee representing the Division of Chemical Edu- 
cation undertake the task—should make a comprehen- 
sive study to determine what principles, theories, and 
technics should be taught in the chemistry part of an 
approved curriculum. How much should the holder of 
the B.S. degree in chemistry know about gas analysis, 
vacuum pumps, chemical microscopy, the measure- 

ent of temperature and pressure? What experience 


' should he have had in organic synthesis, characteriza- 


e able to solve? How much should he know about 
e relation between the structure and the physical 
properties of compounds? Should his training in- 
clude work on the application of physical chemistry 
in the solution of practical problems to an extent suf- 
ficient to make him understand the work of the chem- 


bea and analysis? What types of problems should he 


ical engineer, with whom he must codperate when his 


laboratory process goes into the pilot plant stage? 
The A.I.Ch.E. has done this sort of job for the profes- 
sion of chemical engineering, and one can be pretty 
certain about the types of problems the graduate of a 
modern chemical engineering curriculum is prepared to 
solve and about the laboratory experience he has had 
with the unit operations. The annual Contest Prob- 
lem sponsored by the A.I.Ch.E. for student chapters 
of the Institute has had a very stimulating effect in 
setting higher standards for instruction in chemical 
engineering. The American Chemical Society through 


the Division of Chemical Education should sponsor a 


similar contest among seniors in accredited chemistry 


curricula. 


To increase the interest of chemistry students in the 
profession and in the American Chemical Society, the 
policy of the Society on Chapters of Student Affiliates 
should be changed so that at least in the colleges which 
support departments of chemistry and of chemical 
engineering, only students of chemistry would be eli- 
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gible for membership. Students of chemical engineer- 
ing have their student chapters of the A.I.Ch.E. to 
which students in chemistry are not eligible, and the 
A. C. §. should provide a similar professional organiza- 
tion for chemistry students. 


SUMMARY AND CONCLUSIONS 

1. Confusion concerning the separate objectives of 
curricula in chemistry and curricula in chemical engi- 
neering has existed ever since the introduction of 
curricula in chemical engineering. Clarification of the 
situation will permit departments of chemistry and of 
chemical engineering to work in harmony on the same 
campus, will bring about a spirit of mutual respect and 
codperation between the two professions, will permit 
giving effective guidance to prospective students, and 
will make it possible for the employer to decide, when 
he has a position to fill, whether he should hire a chem- 
ist or a chemical engineer. 

2. As a preliminary to clarification, the facts and 
situations responsible for the confusion have been ana- 
lyzed. 

3. Objectives are proposed for the social-humanistic 
part of the chemistry curriculum. These objectives 
may be the same as those for the social-humanistic 
stem of any curriculum which is to prepare students for 
a profession in science or engineering. 

4. Undergraduate chemistry curricula designed 
for the professional training of chemists and modern 
four-year curricula in chemical engineering are analyzed 
to arrive at conclusions concerning the normal outlets 
for chemists. The normal outlets for chemists who 
have received the Bachelor’s, Master’s, or Doctor’s de- 
gree are summarized. 

5. The principal objectives of the scientific-tech- 
nical part of the undergraduate curriculum in chemistry 
should be to prepare students for: 

(a) Employment as research assistants to do 
laboratory experimental work under the 
supervision of an experienced chemist. 

(b) Graduate study in one of the major branches of 

chemistry or a related field. 

(c) Employment as analytical chemists. 

6. There is no difficulty today in distinguishing be- 
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tween the objectives of the chemistry curricula de- 
signed for the professional training of chemists and the 
objectives of four-year accredited curricula in chemical 
engineering. The complications today are due to 
those curricula which are labeled “chemical engineer- 
ing” but provide training in chemistry, to the curricula 
labeled “chemistry” which do not provide adequate 
professional training, and to a few influential persons 
in each profession who have not thought the situation 
through. 


7. The minimum standards for approval of chem- 
istry curricula recently adopted by the American Chem- 
ical Society are not high enough to insure adequate pro- 
fessional training in chemistry, It is recommended 
that the required chemistry content be raised to 50 to 
60 semester hours to bring the standards for accrediting 
in line with the established curricula designed for the 
professional training of chemists. 


8. It is recommended that some qualified committee 
make a comprehensive study to determine what prin- 
ciples, theories, and technics should be taught in the 
chemistry part of an approved curriculum. 


9. The policy of the Society on Chapters of Student 
Affiliates should be revised to provide a professional 
organization for students of chemistry comparable to 
that provided for chemical engineering students by the 
Student Chapters of the A.I.Ch.E. 


10. In the fields of accrediting curricula and depart- 
ments, providing guidance for prospective students, 
and setting professional standards, the American 
Chemical Society should effectively confine itself to 
the profession of chemistry even though it also accepts 
metallurgists and chemical engineers to membership. 
The metallurgists and chemical engineers have their 
own professional societies which are very actively pro- 
moting and guarding the profession of metallurgical 
engineering and the profession of chemical engineering. 
Chemists, departments of chemistry, and students of 
chemistry have a right to expect the American Chem- 
ical Society to perform a similar function for the pro- 
fession of chemistry. 


CONTRIBUTIONS TO CHEMICAL EDUCATION 


Tes month there will appear the first two num- 
bers of a series of Contributions to Chemical Ed- 
ucation. Number One will be a collection of several 
papers on “Acids and Bases,”’ most of which have al- 
ready been published in this JouRNAL. Number Two 
will contain the papers on ‘The Polarographic Method 
of Analysis,” by O. H. Miiller, which appeared in this 
Journa between January and June. This series of 
Contributions, published by the JouRNAL OF CHEMICAL 
EpucarTIon, will be added to from time to time and 


will include original papers as well as others which, 
like the first two, are reprinted. 

The principal purpose of the series will be to supply 
teachers and students of chemistry with cheap but 
authoritative monographs on subjects which are of in- 
terest or importance to them. To this end they will 
be printed inexpensively but attractively, in a uniform 
size and format. It is hoped that they will aid the 


JourNaL materially in its primary aim: to provide a 
living and continuing textbook of chemistry. 


ig 


Objectives of the Curriculum in the 


Professional Training of Chemical Engineers 


ALBERT B. NEWMAN 
College of the City of New York, New York City 


INTRODUCTION 


MONG engineers, chemical engineering has now 
come to be recognized as one of the major 
branches of engineering. This recognition did not 

come readily; chemical engineering had to prove its 
worth by attracting more and more students through- 
out the past twenty-odd years and by placing its 
graduates in important types of work in the process 
industries. I feel that this steady progress toward 
recognition might not have occurred if it had not been 
for the American Institute of Chemical Engineers. 
The Institute, approving the statement of principles 
by Arthur D. Little, carved out its portion of the engi- 
neering field and has defended it successfully by main- 
taining a consistent policy. Research and develop- 
ment within the field have been intense; otherwise the 
leadership of chemical engineers could not have been 
maintained. 


THE OBJECTIVES OF ENGINEERING CURRICULA IN 
GENERAL 


There has been much discussion among engineers . 


in the teaching field about the objectives common to 
all engineering curricula. A committee of the Society 
for the Promotion of Engineering Education held 
several lengthy meetings culminating in a report en- 
titled ‘‘Aims and Scope of Engineering Curricula” (1). 
This report concerned itself with the scientific-tech- 
nological and the humanistic-social sequences of courses 
planned for all engineering curricula. Inasmuch as 
this discussion should bring out the differences between 
the curriculum in chemistry and that in chemical 
engineering, I shall omit consideration of the humanis- 
tic-social sequences, as conclusions reached about the 
desired material in this category would apply to chem- 
ists and chemical engineers equally. The S.P.E.E. 
committee stated that the scientific-technological 
studies should be directed toward: 


1. Mastery of the fundamental scientific principles and a com- 
mand of basic knowledge underlying the branch of engi- 
neering which the student is pursuing. This implies: 

(a) grasp of the meaning of physical and mathematical 
laws, and knowledge of how they were evolved and 
of the limitations in their use; 

(b) knowledge of materials, machines, and structures. 

2. Thorough understanding of the engineering method and 
elementary competence in its application. This requires: 

(a) comprehension of the interacting elements in situa- 
tions which are to be analyzed; 


1 Presented as part of a Symposium on Professional Training of 
Chemists or Chemical Engineers, sponsored by the Division of 
Chemical Education at the 102nd meeting of the A. C. S., Atlantic 
City, New Jersey, September 10, 1941. 


(b) ability to think straight in the application of funda- 
mental principles to new problems; 

(c) reasonable skill in making approximations, and in 
choosing the type of approach in the light of the ac- 
curacy required and the time available for solution— 
in sum, a foundation for engineering judgment; 

(d) resourcefulness and originality in devising means to an 
end; 

(e) understanding of the element of cost in engineering and 
the ability to deal with this factor just as compe- 
tently as with technological factors. 

3. Ability to select the significant results of an engineering 
study and to present them clearly and concisely by verbal 
and graphic means. 

4. Stimulation of a continuing interest in further professional 
development. 


The ‘Summary of Conclusions and Recommenda- 
tions” is well worth presenting: 


“Engineering colleges serve diverse functions and prepare men 
for a wide range of technical, administrative, and executive re- 
sponsibilities. Technological education should, therefore, be 
kept widely available, and engineering colleges must continue to 
serve a correspondingly wide variety of purposes. They should 
not limit their aim to preparing young men for professional regis- 
tration and practice. 

“The present flexible arrangement of four-year undergraduate 
curricula followed by post-graduate work will better meet the 
needs served by engineering education than will longer under- 
graduate curricula of uniformly prescribed duration. 

“Engineering colleges could operate more effectively if briefer 
and more directly practical forms of technological education were 
provided by other types of institutions. 

‘Advanced training for the higher technical levels of engineer- 
ing should be included in the general program of engineering 
education but should not become its dominating aim. 

“Undergraduate curricula should be made broader and more 
fundamental through increased emphasis on basic sciences and 
humanistic and social studies. This will require greater ef- 
ficiency in the use of the student time to be gained by pruning 
to the essentials of a sound educational program. 

“Some of the advanced technical subject matter now in- 
cluded in undergraduate curricula should be transferred to the 
post-graduate period where it may be pursued with a rigor con- 
sistent with preparation for engineering specialization. 

“There are advantages in the parallel development of the 
scientific-technological and the humanistic-social sequences of 
engineering curricula. The present integrated type of program 
extending throughout the entire undergraduate period should 
therefore be preserved. 

“No measures taken with respect to engineering education 
should limit the freedom that now exists for experimentation and 
change.” 

In the Report of the President of the Polytechnic 
Institute of Brooklyn for the year 1939-40 (2), Dr. 
Harry S. Rogers discusses the S.P.E.E. report and gives 
in tentative form the objects of the scientific-tech- 


nological courses as outlined by a faculty committee: 


1. A mastery of the fundamental principles, a knowledge of 
methods of applications, and a command of other basic 
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facts underlying the branches of engineering. This 
mastery of scientific-technological knowledge implies: 

(a) Acritical understanding of generic principles, of physical 
concepts and hypotheses, of mathematical processes, 
and of empirical data which may be constructively ap- 
plied to obtain the solution of specific problems. 

(b) A knowledge of the technology for applying and an 
understanding of the limitations of principles, hypothe- 
ses, and empiricisms which have been developed to 
facilitate the ready solution of elemental problems. 

(c) A basic knowledge of the properties and uses of mate- 
rials, of the elements and operations of machines, and 
of the forms and purposes of structures found in more 
or less standard usage. 

(d) An appreciation of need to and methods for controlling 
efficiency in the operation of machines, conservation 
in the use of materials, and economy in the expendi- 
ture of money. 

2. A power of constructive thought in the applications of sci- 
ence, of technology, of engineering arts and practices, and 
of economy to the solution of engineering problems. This 
competency in the use of the engineering method involves: 

(a) Ability in defining the problem with a comprehension 
of all the interrelated factors. 

(b) Power in analyzing the problem and differentiating the 

: component physical elements. 

(c) Facility in selecting the principles and methods appro- 
priate to the solution of the elemental problems. 

(d) Judgment in applying and adapting principles and 
methods in the light of precision and costs. 

(e) Ability in coérdinating the results and in formulating 
and stating the solution or conclusion. 

3. An ability to express ideas, to describe devices and operations, 
and to explain procedures of a scientific, technological, and 
related nature in a clear, concise, and convincing manner. 
This competency in expression involves: 

(a) Facility in verbal exposition growing out of a knowledge 
of terms and an ability to organize and compose ideas. 

(b) Proficiency in algebraic expression based upon the ap- 
propriate selection of mathematial forms and the 
skilled application of mathematical operations. 

(c) Skill in the graphical presentation of details and plans 
based upon a knowledge of and the ability to use 
standards and practices. 

4. A cultivation of and discipline in those attitudes, habits, and 
points of view which are essential in the successful solu- 
tion of engineering problems and characterize the work of 
successful engineers, such as: 

(a) Initiative, originality, and resourcefulness in devising 
means for doing the job. 

(b) Accuracy, thoroughness, and order in the process of 
doing the job. 

(c) Promptitude, industry, and tenacity in seeing the job 
through. 

(d) Interest and inquisitiveness in scientific and tech- 
nological matters and developments. 

(e) Ambition for professional growth and achievements. 

(f) Honesty and integrity in all dealings—a sense of profes- 
sional ethics. 


President Rogers goes on to say: 


“‘Such a statement as this may seem extremely academic to the 
layman, but, if it is accepted by the entire faculty, it will influence 
the major emphases in all courses and focus the efforts of the 
faculty upon the training of students in ways of thinking rather 
than upon the presentation of subject matter.” 


THE SPECIAL OBJECTIVES OF CHEMICAL ENGINEERING 
CURRICULA ‘ 


As a branch of engineering, chemical engineering 
naturally adopts sound statements of objectives ap- 
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plying to all engineering education. But each branch of 
engineering has objectives peculiar to it, and these are 
superimposed upon the general objectives already pre- 
sented. Before stating the special objectives of the 
chemical engineering curriculum, it is necessary to de- 
scribe the nature of chemical engineering, which does 
not lend itself to definition in a few words. The 
present-day concept of chemical engineering dates back 
to 1915, when the late Arthur D. Little made a study 
and reported to the Massachusetts Institute of Tech- 
nology. In 1922, when Dr. Little was chairman of the 
Committee on Chemical Engineering Education of the 
A.I.Ch.E., he made a report which contained the fol- 
lowing statement: 

“Chemical engineering, as distinguished from the aggregate 
number of subjects comprised in courses of that name, is not a 
composite of chemistry and mechanical and civil engineering, but 
itself a branch of engineering, the basis of which is those unit 
operations which in their proper sequence and coérdination con- 
stitute a chemical process as conducted on the industrial scale.’’ 

The unit operations to which Dr. Little referred in- 
clude heat transfer, fluid flow, evaporation, distilla- 
tion, drying, absorption, extraction, crystallization, 
crushing, and grinding. The list is by no means 
closed; other operations will be added as they are 
developed. 

In speaking of the lag in the development of chemical 
engineering education in England, Mr. H. W. Cremer 
and Dr. A. J. V. Underwood, two distinguished British 
chemical engineers, wrote in 1936 (3): 


“Possibly, however, it is the failure to appreciate that chemical 
engineering, like other sections of engineering, is a branch of 
applied physics that has most affected the development of the 
teaching of the subject in this country. For it has not been 
generally realized that the chemical engineer is much more con- 
cerned with the application of physics than with that of chemis- 
try. Actually, he is mainly concerned either with physical 
operations entirely, or with the purely physical effects of chemi- 
cal reactioris, such as in the transport of solids, fluid flow, mixing 
and agitation, and heat transfer. To obtain the product of a 
chemical reaction in a marketable form further operations are in- 
volved, such as distillation, filtration, evaporation, crystalliza- 
tion, drying, grinding, etc. These, also, are physical operations, 
and the indicating, recording, and regulating appliances used to 
control them are usually based on physical rather than on chemical 
principles.” 


Thus is brought out clearly the difference between 
the objectives of curricula in chemistry on the one 
hand and chemical engineering on the other. It 
follows that the training of the student to be a proficient 
chemist is not one of the objectives of the curriculum 
in chemical engineering. On the positive side, the 
chemical engineer must have a sound knowledge of the 
science of chemistry so that he may know his way 
about in the fields of inorganic, organic, and physical 
chemistry. The time spent by the student in analytical 
chemistry must be sharply curtailed if the chemical 
engineering curriculum is to remain four or even five 
years in length. 

The early part of the scientific-technological sequence 
must be devoted to intensive work in the fundamentals: 
physics, chemistry, and mathematics. Drafting also 
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comes early in the curriculum on account of its utility 
for the later courses. In sequence with the physics 
courses come one or more courses in engineering me- 
chanics. The chemistry, physics, and mathematics 
courses lead naturally to a course in industrial chemical 
calculations. Paralleling the latter one finds a course 
in physical chemistry, emphasizing the thermodynamic 
and kinetic aspects of the subject at the expense of such 
topics as atomic structure and quantum theory. Fol- 
lowing these courses, the important unit operations, 
heat transfer, and fluid flow should appear not later 
than the last half of the junior year, leaving the senior 
year clear for study of the other unit operations, with 
laboratory work. A solid year of chemical engineering 
thermodynamics and kinetics should appear in the 
junior year or overlap the junior and senior years. 
It should be stated that this course is not identified 
either with chemical thermodynamics or with the 
courses given by mechanical engineers or physicists. 
Inasmuch as thermodynamic fundamentals common to 
all of these branches cannot well be taught except by 
applications, sound practice is to set up separate 
courses for the different fields of application, achieving 
economy of student time. A course somewhat unre- 
lated to any of the sequences is the one in principles 
of electrical engineering. The objective of this course 
is to enable the chemical engineer to specify intelli- 
gently the smaller and simpler electrical machines he 
may require in the process industries and to pass in- 
telligently upon the recommendations of electrical 
engineers or more complicated and larger matters. 
This course appears in the junior or senior year. Some 
curricula have a course or more in mechanical engineer- 
ing; some give the necessary instruction in heat and 
power in the thermodynamics course. Another some- 
what unrelated course is one in physical metallurgy. 
Curricula are not standardized except as to the pres- 
ence of all important elements in sufficient amount. 

This sketchy outline of the scientific-technological 
content of a satisfactory chemical engineering cur- 
riculum should be sufficient for the purpose of present- 
ing objectives. A more complete statement of con- 
tent was made by the author in 1938 on behalf of the 
Committee on Chemical Engineering Education of 
the A.I.Ch.E. in a pamphlet: “Development of 
Chemical Engineering Education in the United States” 
(4). 

To crowd all of this material plus the humanistic- 
social subjects into four or four and a half years has 
been a real problem. The other branches of engineer- 
ing meet the same problem. So far, the answer has 
been heavy schedules and hard work loaded on the 
students. The engineering schools have been criticized 
continually for overworking their students. Perhaps a 
justification may be found in the fact that many em- 
ployers choose engineering graduates not only for their 
knowledge and ability, but also for their capacity for 
hard work. 

A cardinal principle in teaching the chemical engi- 
neering courses and related ones such as physical chem- 


JOURNAL OF CHEMICAL EDUCATION 


istry is the intensive use of the problem method. De- 
scriptive matter and factual memorization are mini- 
mized. The problem method reaches its climax in the 
early months of the year of graduation when the student 
has the opportunity (requirement in some schools) 
of solving the annual Contest Problem of the A.I. 
Ch.E. Up to now there have been nine such annual 
contests, drawn up each year by a different committee 
of chemical engineers in industry. All of them have 
been comprehensive problems in plant design, always 
involving economic balance, nearly always one or more 
unit operations, and occasionally industrial reaction 
kinetics, stoichiometry, etc. For a non-chemical engi- 
neer pursuing a study of the nature of chemical engi- 
neering, I know of no quicker way of finding the answer 
than by reading these nine problems. They seem to 
the speaker to be the essence of chemical engineering. 

By sticking to elementary and advanced funda- 
mentals, and by avoiding emphasis upon specific in- 
dustries, chemical engineering has achieved a high de- 
gree of versatility in its graduates. By insistence on 
the problem method and the development of the 
students’ reasoning power by setting them to work on 
problems of greater and greater complexity, the stu- 
dents of chemical engineering graduate with a com- 
petence to attack the problems of the process indus- 
tries not possessed by many graduates in other branches 
of engineering. 

In a recent address before the American Society of 
Mechanical Engineers, Dean F. L. Wilkinson, Jr., 


‘of the University of Louisville, himself a mechanical 


engineer, discussed the profound influence of Arthur D. 
Little’s early statement about chemical engineering. 
He went on to say (5): 

“What has been the result of twenty-five years of the applica- 
tion of this principle to chemical engineering? The arbitrary 
demands of the American Institute of Chemical Engineers upon 
those institutions offering educational opportunities in their 
field have probably been quite annoying to many of us. On the 
other hand, their ‘hard-boiled’ attitude in evaluating the char- 
acter of instruction in this field has elevated the position of the 
chemical engineer in the industrial work and has, in many cases, 
forced recognition of a vital principle of education upon engi- 
neering institutions. 

‘What is this vital principle? It is simply the recognition that 
engineering related to manufacturing processes requires a ver- 
satility in engineering personnel beyond that of any other field, 
and further that engineering education must take a course that 
will supply graduate engineers to industry with an educational 
background that will stimulate diversity of effort.” 

The American Chemical Society serves both chem- 
ists and chemical engineers in many ways. Many 
chemical engineers whose professional affiliation is 
with the A.I.Ch.E. are also members of the American 
Chemical Society. More and more rarely does one hear 
statements that chemical engineering is a branch of 
chemistry or that, first of all, a good chemical engi- 
neer must be a good chemist. 

If I have shown that chemical engineering is an 
independent profession operating within a fairly well- 
defined sphere and possessing a consistent educational 
policy, I shall have accomplished my purpose in. pre- 
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senting this paper. The services of chemical engi- 
neers and chemists, in industry and in education, 
complement each other, and I see no real reason for 


569 


conflict or misunderstanding if the proper concept of 
the respective spheres of activity is held by business 
and educational administrations. 
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The Curriculum for the 


Bachelor of Science Degree in Chemistry 
W.T.READ Rutgers University, New Brunswick, New Jersey 


HIS paper is based upon a comparison of the 

minimum requirements of the Committee on Pro- 

fessional Training of Chemists of the American 
Chemical Society and data obtained from seventy 
colleges and universities, most of them being on the 
A. C. S. accredited list. While time did not permit 
making this questionnaire as large and complete as 
might have been desired, the results obtained are prob- 
ably a fair sample, at least, of opinion throughout the 
country. The problems of the curriculum are discussed 
in the light of the objectives set forth by Professor 
Warner.? These objectives include the preparation 
of the individual as a good citizen and as a competent 
member of his profession. 

The normal outlets for graduates with the Bachelor 
of Science degree who have met the requirements laid 
down by the American Chemical Society are stated by 
Professor Warner to be these: 


Research assistants 

Analytical chemists 

Graduate students 

Technical salesmen 

Science teachers in secondary schools 


To these might be added codéperating with chemical 
engineers in the development of processes through the 
semiworks or pilot plant scale. It is also a debatable 
question whether chemists can look forward in the 
future to employment in plant production to the same 
extent as in the past. 


1. THE REQUIREMENTS OF THE AMERICAN CHEMICAL 
SOCIETY 


These are admittedly minimum standards. Those 
that concern courses in chemistry are as follows: 


1 Presented as part of a Symposium on Professional Training 
of Chemists or Chemical Engineers, sponsored by the Division 
of Chemical Education at the 102nd meeting of the A. C. S., 
Atlantic City, New Jersey, September 10, 1941. 

2 See page 560. 


1. General chemistry (high-school algebra and geometry 
should be a prerequisite) which may include qualitative analysis, 
comprising the equivalent of 30 weeks of instruction with 3 hours 
of lectures or recitations a week, and 4 to 6 hours of laboratory 
a week. 

2. Quantitative analysis, comprising the equivalent of 30 
weeks of instruction with not less than 8 hours of laboratory a 
week. This course may include some training in qualitative 
analysis. 

3. Physical chemistry (quantitative analysis should be a pre- 
requisite), comprising the equivalent of 30 weeks of instruction 
with 3 lectures or recitations a week and 3 hours of laboratory a 
week, 

4. Organic chemistry, comprising the equivalent of 30 weeks 
of instruction, with 3 hours of lectures or recitations a week and 
5 to 6 hours of laboratory.a week. This course should preferably 
include some qualitative organic analysis, unless a special course 
in this subject is offered, and must include preparative work. 

5. Advanced chemistry, comprising the equivalent of 30 
weeks of instruction with 2 lectures or recitations per week and 
3 to 4 hours of laboratory a week for 15 weeks. This advanced 
chemistry may be in one or more of the following subjects— 
inorganic chemistry, physical chemistry, organic chemistry, bio- 
chemistry. Two full years of chemistry must be required for 
admission to such course or courses. For biochemistry, organic 
chemistry must be a prerequisite. 


Evaluation of these requirements in terms of semester . 


hours as made by Professor Warner amounts to be- 
tween 36 and 39, but may amount to as much as 42 
hours according to the method of interpretation. 

None of the institutions included in this survey indi- 
cated that these requirements were regarded as exces- 
sive. Only about twenty institutions require no more 
chemistry than that covered by the A. C. S. program, 
while fifty require considerably more in the way of 
chemistry courses. A few of those requiring no more 
indicated that they expected students to take more 
chemistry than the minimum. 

In the four basic divisions, general and qualitative, 
quantitative, organic, and physical, the average re- 
quirements are in most cases slightly more, particularly 


in general and organic. The chief difference is that: 


most schools require considerably more advanced work 
in chemistry, up to as much as three times that of 


' 
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A. C. S. requirements. In some cases more than one 
advanced course was definitely specified as a fixed re- 
quirement, while more often the statement was made 
that the candidate must take a certain number of 
hours of advanced work, with considerable freedom 
of selection. The majority of schools merely in- 
dicate the general field in which advanced courses are 
taken, but a few require such specific and specialized 
courses as thermodynamics, colloids, nuclear chemistry, 
radioactivity, electrochemistry, applications of indica- 
tors, electrometric measurements, instrumental analy- 
sis, organic quantitative analysis, microanalysis, chemi- 
cal microscopy, and others. A few curricula include 


required work in chemical literature and in the history — 


of chemistry. 

A small minority require courses in industrial or ap- 
plied chemistry. In addition to general courses in 
this field, there are a few courses in technical analysis, 
industrial stoichiometry, fuels, unit processes, and very 
rarely a course in chemical engineering. 

It was not possible in this very simple survey to find 
out to what extent the courses in analytical chemistry 
include the newer methods which involve complicated 
and expensive instruments. 

In preparation for the comprehensive examination 
now required by a few institutions, there are review 
courses that are quite broad and inclusive. There is a 
growing tendency to expect the student to do more 
collateral reading. (The question of special training 
in “honors” courses will be discussed later.) 

Fifteen out of the seventy replies indicated that a 
thesis of some sort was required of every candidate for 
the Bachelor of Science degree. Credit for such work 
varies from three semester hours up to one-third or 
more of the entire fourth year. Most thesis work ap- 
peared to involve both library and laboratory research. 
There was no indication in any of the replies as to 
whether thesis work was of group project character, 
requiring several students to work together. 


2. ADVANCED ELECTIVE COURSES IN CHEMISTRY FOR 
UNDERGRADUATES 


In addition to a certain amount of advanced work 
required of all candidates for a degree, a large variety 
of advanced courses is listed as available to undergrad- 
uates. This is particularly true in the large univer- 
sities that do a great deal of graduate work. Such 
courses may be divided into those which are primarily 
regarded as of advanced undergraduate grade and those 
which are strictly graduate in character but which are 
open to a few specially qualified undergraduates. The 
former are apt to be heavily populated by graduates 
of small colleges who are bringing their training up to 
the level of a graduate school. 

The advanced courses offered as electives appear to 
be even more highly specialized than those that are re- 
quired of all students, and reflect the numerous sub- 


’ divisions of the major chemical fields in which faculty 


members are carrying on research. 
It is a debatable question whether undergraduates 
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should be encouraged to take a considerable amount 
of advanced work, or whether the basic courses should 
be broadened to include more outside reading and kept 
continually abreast of modern developments. 

At this point a little bookkeeping is in order. If 36 
semester hours in chemistry and 56 hours in mathe- 
matics, physics, language, and the humanities are re- 
quired as a minimum, and the student must take phys- 
ical education or military science as a general require- 
ment, approximately 100 hours are already accounted 
for, which leaves from 20 to 40 hours for advanced 
chemistry courses, other science electives, and addi- 
tional courses in the humanities. When the higher 
figures of the minimum A. C. S. requirements, 42 in 
chemistry and 64 in all others, are considered, the time 
left is still less. With chemistry requirements mount- 
ing toward 60 and with the special courses that so 
often characterize an individual school’s curriculum, 
the undergraduate has very little time left for advanced 
chemistry electives. 


3. HONORS AND RESEARCH FOR SPECIALLY QUALIFIED 
STUDENTS 


Thesis work of some sort for every senior character- 
izes the curricula of less than one-fourth of the institu- 
tions represented in this survey. Several others are 
making every effort to give the gifted and talented stu- 
dent additional opportunities. It should be recog- 
nized, however, that the group of students who major 
in chemistry and who survive the rigorous discipline 
of the modern curriculum in this field is already made 
up to a much greater extent of high honor students than 
is the student body asa whole. This probably accounts 
for the scarcity of special “honors’’ programs among 
schools preparing students for the chemical profes- 
sion. A program which requires either library or 
both library and laboratory research and a thesis is es- 
sentially an honors program. 

The ‘‘honors’’ course varies all the way from special 
sections for students making high grades, through 
seminars or an additional course or two beyond the 
general requirements, to elective reading and research 
courses individually planned and directed. 

The term “‘honors course”’ is quite different from de- 
grees with special distinction or special honors for high 
grades made in the regular curriculum. 


4. ADDITIONAL REQUIREMENTS IN PHYSICS, MATHE- 
MATICS, FOREIGN LANGUAGE, AND ENGLISH 
We are still dealing with purely utilitarian courses to 
be used as tools to gain a better mastery of the profes- 
sion of chemistry. The A. C. S. requirements in these 
fields are as follows: 


6. Physics, comprising the equivalent of 30 weeks of instruc- 
tion with 3 lectures or recitations a week and 3 hours of laboratory 
a week. It is highly desirable to have more than one year of 
instruction in physics. 

7. Mathematics, comprising the equivalent of 2 years of 
college work which must include one year of differential and inte- 


gral calculus. 
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8. Foreign languages. A reading knowledge of German is 
required. This is interpreted as the equivalent of 2 years of 
college instruction. It is very desirable that a chemical student 
also have a reading knowledge of French. 

9. English. One year of English composition, which should 
include the writing of some technical papers or reports, is re- 
quired. 

This survey shows that the general requirements of 
various curricula are much closer to the A. C. S. mini- 
mum than in the case of chemistry courses. About 
one-third of those reporting require the additional 
physics that is recommended. About the same num- 
ber demand from one semester to two years more 
mathematics, differential equations being the subject 
most commonly required. A few limit their additional 
requirements in these fields to those students majoring 
in physical chemistry. It is assumed that students 
taking only one year of college physics have had the 
subject in high school. 

A few curricula include one or more courses in French 
in addition to German. In only one case is Spanish a 
substitute for French. Some call for additional courses 
in German, or readings in the chemical literature in 
both French and German as regular course work. 

The number of institutions requiring more than one 
year of English is small, not more than a dozen, and in 
most cases the additional work is of an applied nature 
such as business English, and technical composition. 
There are a few isolated cases of public speaking courses 
being required. The number of schools that include a 
second year devoted to English or American literature 
is extremely small. 

The problem of teaching chemists how to write ac- 
ceptable reports is one which cannot be more than men- 
tioned here. Who is to teach the chemist how ‘to 
write a report? The English instructor? The chem- 
istry faculty? Or the long-suffering employer? The 
answer still remains to be given. 


5. SPECIAL SCIENCE AND TECHNOLOGICAL REQUIRE- 
MENTS 


In a few technological schools and universities with 
strong engineering emphasis, chemists are required to 
take courses in engineering drawing and industrial 
engineering. Introduction to engineering is another 
course in the curriculum for chemists in one institu- 
tion. One university requires three introductory 
science courses. A few require some biology, this be- 
ing bacteriology in most cases. Obviously biology is 
either prerequisite or desirable for biological or phys- 
iological chemistry. Only two curricula include 
geology. The survey courses that are required by a 
number of liberal arts colleges are not found to any ex- 
tent in those schools that definitely prepare students 
for the chemical profession. 


6. SCIENCE AND MATHEMATICS ELECTIVES 


Only a few institutions list psychology as,a science 
elective for the reason that those students choosing 
this subject do so in their desire for a cultural subject 
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rather than one which they wish to use as a professional 
tool. From this point of view the A. C. S. committee 
would probably regard a single course in biology, geol- 
ogy, or astronomy as belonging in the field of the 
“humanities.” 

The two subjects that recur most often in the list of 
non-chemical science electives are mathematics and 
physics. Differential equations once more is the pre- 
dominating mathematical course. This survey called 
for so little detailed information that very little was 
said about the individual courses in physics generally 
chosen. 

Next in order among science electives is biology, the 
most popular branch of this subject being bacteriology. 
Geology came next, along with a scattering of border- 
line subjects. 


7. THE HUMANITIES 


We come now to the second main objective of the 
four-year course, that of making the chemist a good 
citizen. Professor Warner has aptly expressed this 
bjective.’ 

The time left for the humanities in most curricula is 
threatened with being reduced to the 15 to 18 hours, or 
one-eighth of the entire curriculum, prescribed by the 
A. C. S. committee as a minimum. 


10. Humanities. At least the equivalent of one-half a stu- 
dent’s residence time for one year must be devoted to the study 
of humanities. This is exclusive of the required English and 
languages. 


The cutting down of the purely professional require- 
ments to make room for more cultural material pre- 
sents a variety of problems which include the unwilling- 
ness of many science students to take arts courses, 
and the importance which each science department or 
division attaches to its own subject matter. At the 
same time the need for breadth of knowledge that will 
enable the chemist to make a life as well as a living 
should not be overlooked or forgotten. This in no way 
detracts from the cultural value of science and mathe- 
matics. 

The first problem is this: Should the student be 
left to his own devices with what, guidance his dean or 
major professor can give him, and with the limitations 
of schedule and the natural desire to find at least one 
snap course in a heavy curriculum, or should the chem- 
istry faculty with the advice of their arts colleagues de- 
cide upon a fixed and required program of courses in 
the humanities which the student must take regardless 
of his tastes and inclinations? On the one hand is the 
freedom and the pleasure of individual choice, and on 
the other is the system and order, to quote Professor 
Warner, of a ‘‘planned and articulated program.” 

This survey shows that the majority of chemistry 
students choose their electives very largely from the 
social sciences. Economics appears to lead, followed 
at some distance by history, political science, sociology, 
and philosophy. Psychology is close to history, and 


3 See page 561. 
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English literature is in the same class. Very rarely are 
art and music appreciation mentioned in the list of sub- 
jects generally chosen. Education courses seem to at- 
tract comparatively few, since most science teachers 
major in education and take a few science courses. 
Very little mention was made in any report of Spanish. 
The rapidly growing importance of trade with Latin 
America may well change this situation. 

To sum up this survey of the curriculum in chemistry, 
these facts appear to be evident: 

1. Chemistry requirements are considerably greater 
than those of the A. C. S. minimum standards. 

2. Undergraduates generally elect advanced chem- 
istry courses beyond those required in the curriculum. 

3. The general tendency in electives is toward 
mathematics and physics and to a lesser extent to- 
ward biology. 

4. Few institutions have highly specialized and 
technical requirements. 
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5. The problem of improved technical writing is 
not being solved by more courses in English. 

6. The time devoted to the humanities is generally 
very limited. Outside of required non-science courses, 
students very generally elect social science, and there is 
very little interest in literature and the fine arts. 

This paper has done little more than mention the 
objectives of the chemistry curriculum. That it 
meets the requirements of graduate schools is fairly 
evident, since universities in which a great deal of 
graduate work is done have shown little inclination to 
make radical changes, but adhere to the general pat- 
tern. To what extent the needs of industry are being 
met may be judged by the fact that probably nine- 
tenths of the members of the American Chemical So- 
ciety are directly or indirectly connected with chemical 
industry, and the Society has adopted these require- 
ments without noteworthy objections on the part of 
chemists in industry. 


The Training of Chemists 
in Liberal Arts Colleges 


C. R. HOOVER 


HIS paper is, in large measure, based on the re- 

turns from twenty questionnaires sent to teachers 

of chemistry in a diversified list of liberal arts 
colleges. The institutions represented covered the 
country from California to Massachusetts, and Minne- 
sota to Georgia, and included large and small, coeduca- 
tional and segregated, accredited and non-accredited, 
and the teachers were both mature and less experienced. 
The valuable codperation provided by the thoughtful 
replies received is gratefully acknowledged. 

The general topic may be subdivided into three 
parts: (1) the nature of liberal arts chemical curricula; 
(2) the results of liberal arts training in chemistry; 
(3) the advantages and disadvantages of liberal arts 
training in chemistry. 

To avoid repetition I shall omit mention of the des- 
ignation of liberal arts college, and, unless otherwise 
indicated, information and conclusions presented are 
concerned with this type of institution only. 


CURRICULA 


The majority of men who are chemistry majors have 
taken their first course in a secondary school. While 
not specifically requested in the questionnaire used this 
summer, some information on this point was volun- 


1 Presented as part of a Symposium on Professional Training 
of Chemists or Chemical Engineers, sponsored by the Division 
of Chemical Education at the 102nd meeting of the A. C. S., 
Atlantic City, New Jersey, September 10, 1941. 


Wesleyan University, Middletown, Connecticut 


teered by colleagues and secured in other ways, indicat- 
ing that from 55 per cent to more than 90 per cent of 
those who enter the chemical profession have had 
secondary-school chemistry. The school thus plays a 
very important role in the selection of potential chem- 
ists and close codperation between schools and institu- 
tions of college grade should be sought. Teachers of 
chemistry and of physics, in both secondary and col- 
legiate institutions, apparently recommend that phys- 
ics be taken before the first chemistry course. Ques- 
tionnaire returns indicate that 60 per cent think that a 
separate and, presumably, more advanced course 
should be given in college to students who have had 
secondary-school chemistry; another 25 per cent, that 
separate sections should be used; and 15 per cent make 
no difference for such students as a group. One 
teacher suggests that student objective is more im- 
portant than school preparation and another depart- 
ment attempts to combine recognition of the previous 
course with student objective and aptitude. The 
trend is definitely toward building upon the secondary- 
school course. 


Practically all returns indicate that two years of 
elementary courses for chemists are considered good 
for other professions and general business, and that the 
needs for such occupations may be advantageously 
kept in mind, but that such courses should be thorough 
and fundamentally sound in chemistry. 
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It is the unanimous opinion that individual labora- 
tory work cannot be replaced by lecture demonstra- 
tions but may be supplemented in this way; that 
laboratory sections should be small—some suggesting 
from twenty-five to ten; that a member of the full- 
time teaching staff should be present in the laboratory 
and should supervise the work of assistants who should 
be graduate students; that such assistants should be 
interested in the laboratory work they are aiding, not 
merely earning a fellowship stipend. Most of the re- 
turns indicate that this feature of liberal arts teaching 
is considered to be one of its advantages; that is, indi- 
vidual contacts between mature teachers and students. 
It seems to some of us that the laboratory teacher has 
long used the so-called tutorial method which his col- 
league in the humanities and arts is just discovering 
and heralding as a new system of education. 

Apparently 70 per cent feel that some special en- 
couragement should be offered to the student who de- 
cides, a year or two after entering college, to concen- 
trate in chemistry. I feel that this attitude makes an 
important contribution to the profession of chemistry 
and I shall discuss it again later. In this connection 
only one teacher feels that the regular elementary or 
freshman course should be preceded by a survey or 
orientation course, and this teacher is interested only 
if the scientific method is an important objective. 
Both survey and orientation courses are apparently 
not favored by chemistry teachers. The question 
might be raised as to whether orientation courses might 
not be used to gain some recruits of ability for the 
profession. 

The history and philosophy of science are considered 
to be important aspects of the teaching of chemistry 
and should be kept in mind in undergraduate courses 
but should not be given as separate courses for under- 
classmen. Upperclass courses are favored by some 
but with the reservation that they should be thorough 
and not snap electives or program fillers. 

Some items on the questionnaire may seem to be 
concerned with the minutiae of courses and hours, but 
it is on such points that the teaching profession is so 
definitely divided that discussion may be worth while. 
For example, the position of analytical instruction in 
the training of chemists is challenged, both by the de- 
mand for more rapid advancement toward specialized 
courses and to make a larger place for physical chemis- 
try in the undergraduate curriculum. Our poll indi- 
cates that opinion is about equally divided on the ques- 
tion of whether all instruction in qualitative analysis 
should be given in the first-year course. One suggests 
that quantitative analysis might precede qualitative. 
The full-year laboratory course in inorganic prepara- 
tions is definitely on the wane. A few courageous 
teachers question whether some of our outstanding 
chemical theorists would have the factual basis for 
their undoubtedly successful generalizations if they 
themselves had studied inorganic for as short a time as 
they recommend for future chemists. Dr. P. W. Selwood 
(1) has given some good arguments for more inorganic. 
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All apparently agree that physical-chemical theory 
should be an important part of analytical instruction, 
but even with this inclusion the time allowed for in- 
struction in qualitative analysis is steadily decreasing. 
Semimicro qualitative is being rapidly adopted for 
sophomores. From partial returns one year of organic 
chemistry, including qualitative organic analysis in the 
majority of cases, is considered basic training and a 
number of institutions require or expect a second year 
of organic with quantitative organic analysis. Micro 
quantitative methods are used in a minority of col- 
leges. 

The majority of returns indicate that for the usual 
chemistry major, who has had physico-chemical the- 
ory in one and one-half or two years of analytical 
courses, one year of stiff mathematical physical chem- 
istry should suffice. However, there is a definite trend, 
represented at present by the minority, to offer more 
than one year of undergraduate physical chemistry. 
Some are attempting to give an elementary course in 
physical as an introductory course for chemistry ma- 
jors, and, at the same time, a concluding chemical 
course for pre-medical students. 

Perhaps we should not revive the somewhat heated 
discussion of the work of the Society’s Committee on 
the Professional Training of Chemists, but I ventured 
to ask my colleagues whether the unofficial course re- 
quirements of the Society’s Committee could reason- 
ably be expected of a liberal arts college, and all but 
three answered definitely in the affirmative. This 
negative vote of 15 per cent was represented by two 
accredited and one non-accredited institution. I 
should point out, however, that the non-accrediting 
institutions are represented by a decided minority in 
our poll. Some replies emphasized the important and 
well-recognized fact that number of hours or courses, 
laboratory space, and average teaching loads may be 
deceptive standards, and that many institutions, de- 
ficient by such standards, have met the requirements 
of successful achievement in graduate schools and in 
industry, which accomplishment seems to them to be 
the most important “proof of the pudding.’ The So- 
ciety’s Committee is, nevertheless, supported by a 
number of teachers in its apparent expectation that 
with good equipment, research-minded teachers, and 
adequate time for certain well agreed upon funda- 
mentals, the average results in the training of chemists 
will be improved. The large majority of our poll feel 
that mathematics beyond a year of calculus should 
not be required of all chemistry majors, but nearly all 
state that additional mathematics is desirable for some 
students. A majority feel that more than one year of 
college physics is highly desirable, especially if the sub- 
jects of optics and applied electricity are not well 
covered in the one-year college course taken. 

There is evidence of considerable doubt of the value 
of scientific French. German is unanimously approved, 
but the need of French that appears to impress teachers 
most strongly is the requirement of that language by 
graduate schools. The possible passing of French as 
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an international and scientific language, the rise of in- 
terest in Spanish in industry and business, may call 
for careful consideration by secondary-school and 
college faculties. 

In support of Professor Yoe’s paper on ‘‘Senior Re- 
search” (2), 80 per cent of the contributors considered 
that an elementary research problem or thesis should 
be included in the chemical work of superior senior 
students; that is, students with special interest and 
ability, but only 15 per cent considered that this type 
of work justified the time and effort required to extend 
it to all upperclass students. 

No liberal arts teacher can consider a discussion of a 
curriculum complete without some reference to the 
subject of comprehensive examinations during the 
senior year as a part of the graduation requirement. 
Only 30 per cent are apparently unqualifiedly in favor 
of such examinations. Forty per cent are definitely 
opposed, and one teacher, now giving comprehensives, 
is included. Fifteen per cent would give such tests to 
honor students only. Several feel that in the usual 
chemistry department, the cumulative and coérdinat- 
ing factors of well-organized courses secure the an- 
nounced advantages of such an examination. Others 
think comprehensives are useful only if a high degree 
of concentration is enforced in the first three under- 
graduate years, and that this is not desirable in a 
liberal arts institution. Others indicate that a large 
amount of time and effort on the part of both teacher 
and student is necessary to make such examinations 
successful and that this energy can be expended better 
in other ways. This question appears to be an open 
one as far as chemistry teachers are concerned. In 
general, chemists, physicists, and mathematicians ap- 
parently feel that they gain less by such examinations 
than do other departments of college instruction. 

The last point of the curriculum part of this paper is 
concerned with the relation of liberal arts and engineer- 
ing schools. A large majority of the returns indicate 
acceptance of the desirability of giving chemical en- 
gineers a four-year liberal arts college course before 
they enter engineering school, but one-half of those in 
favor of such combination recognize the practical dif- 
ficulties of time and expense. Thirty per cent are in 
favor of a five-year combination course such as a three- 
year college and two-year engineering school arrange- 
ment; while 40 per cent are definitely opposed to com- 
bination courses, and an additional 15 per cent are op- 
posed to less than four years of college in any combina- 
tion. One teacher who was active in a national way 
in installing combination courses is now opposed to the 
arrangement. As far as I am able to sense the feeling 
of liberal arts teachers, they look hopefully toward the 
ideal of graduate school standing for chemical and all 
professional engineering training. 

At this point it may be interesting to refer to a paper 
by Kraus and Arnold, published in 1929 (3) on the 
training of chemists, based on discussions with a num- 
ber of industrial employers of chemists. The different 
point of view thus complements the source of informa- 
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tion used in this paper. The conclusions drawn re- 
garding subjects of chemical study, as far as they are 
applicable to liberal arts curricula, are also comple- 
mentary. The chief difference appears to be less em- 
phasis on analytical chemistry by teachers in 1941. 


THE RESULTS OF LIBERAL ARTS TRAINING IN CHEMISTRY 


The majority of the teachers polled in preparing this 
paper apparently feel that, in the same type of course, 
as much useful information is given in their classes as 
in any institution of higher learning. Others state, 
and I feel with reason, that the training in specialized 
courses is, and without discredit to the liberal arts 
training, should be, less than in a school of chemistry 
or of chemical engineering. 

The majority of our poll feel that liberal arts students 
should do as well on competitive examinations in 
fundamental courses in chemistry as students from 
any other type of institution, if the examination in- 
volves thinking. Results of Codperative Test Service 
examinations in general freshman chemistry (4) show 
that on the basis of average or 50 per cent score, the 
engineering college is 4 per cent up on the second type 
of school—the men’s liberal arts college. As we go up 
the percentage scale, however, this small difference dis- 
appears and the men’s liberal arts college is one per 
cent up in the 90-100 percentile group. 

The group polled felt unanimously that in many 
phases of general industrial work, not involving chemi- 
cal engineering, their graduates would ultimately hold 
their own with the graduates of technical schools. 
This position was supported for various reasons: the 
courses in chemistry are harder than those in many 
other subjects; the men graduating with a chemical 
major are, therefore, a selected group; only the best 
men are encouraged to major in chemistry, and success 
depends on the man; the graduates of a technical 
school may be expected to be more immediately success- 
ful but not later. 

Considering three possible markets for chemists— 
teaching, research, and technical industry—my col- 
laborators feel strongly that liberal arts education is 
the best background for teaching; a majority would 
include research and a minority industrial work. In 
general, as indicated previously, it is recognized that 
success in industry depends upon the man and the type 
of work. Dean Harry F. Lewis reports a study of the 
types of institutions sending graduate students to the 
Department of Chemistry at the University of Illinois, 
which indicates that the small liberal arts college 
contributes a disproportionately large number of suc- 
cessful research students. W. A. Noyes, Sr., is re- 
ported to have stated that liberal arts college students 
who came to the University of Illinois were invariably 
slower the first year in graduate school but from then 
on they were better than men who had had their train- 
ing in large or technical schools. A majority feel that 
industrial employers prefer to secure chemists from 
schools of chemistry or chemical engineering rather 
than from liberal arts colleges. 
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ADVANTAGES AND DISADVANTAGES 


Since from the point of view of liberal arts college 
teachers of chemistry there seem to be superior ad- 
vantages in the liberal arts background for teachers of 
chemistry and at least equal advantages in pure re- 
search, but more disadvantages in industrial work, it 
may be well for the liberal arts teacher to examine the 
needs of the industrial employer. 

At the meeting of the Division of Chemical Educa- 
tion in Pittsburgh in 1936 several interesting papers 
were contributed by industrial employers to a sym- 
posium on “What Industry Wants of Its Chemists” 
(5). I have made an attempt to summarize these 
wants as stated by the five speakers, and have assem- 
bled 14 points, which were mentioned by more than 
one of the speakers: (1) leadership—responsibility, (2) 
personality, (3) loyalty-team work, (4) general knowl- 
edge, (5) fundamental chemical knowledge, (6) de- 
tailed special knowledge of a branch of chemistry, (7) 
post-graduate training, (8) oral and written English, 
(9) knowledge of economic values, (10) hard work-will 
power, (11) civic responsibility, (12) judgment, (13) 
accuracy-scientific honesty, (14) enthusiasm. With 
the exception of specialized knowledge, post-graduate 
training, economic values, and professional enthusiasm, 
the liberal arts training would appear to offer equal or 
superior opportunities. 

It may be interesting to note that some of my liberal 
arts colleagues in chemistry, and at least one employer 
of chemists, are not satisfied with liberal arts English. 
Departments of English are most vociferous in charg- 
ing overspecialization in science, but are considered by 
other departments to be doing just that, with the re- 
sult that students with scientific interests are not in- 
clined to elect as much composition and oral English as 
they should. 

Some of the advantages claimed by liberal arts teach- 
ers are the result of smaller numbers and are not in- 
herent in liberal arts training, but my collaborators list 
as advantages the equivalent of the 10 points of the 
industrial employers’ list I have indicated above as 
applicable to liberal arts education, and in addition: 
administrative training, social implications, miscibility, 
personal attention by mature teachers, independent 
work, familiarity with laboratory equipment including 
the library, thinking and reading, and the inclusive 
point of broader outlook which one contributor phrases 
as ‘education rather than training.”’ 

Recognized as disadvantages, or points to be im- 
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proved, are the four points I indicated from the indus- 
trial employers’ list, especially professional enthusiasm 
and economic values or practical objectives. Other 
suggestions are: too many outside activities of both 
faculty and students, less well-known institutions and 
consequently less opportunity for employment of 
graduates, too provincial outlook, and—inherently un- 
avoidable—less familiarity with technical process and 
equipment. 

The demand for breadth of outlook, social and civic 
responsibility, and leadership is a familiar but impor- 
tant one in all professional training. The engineering, 
medical, and legal professions are seriously concerned 
and are endeavoring to secure greater recognition for 
this need in professional education. Chemists should 
be equally interested and liberal arts colleges should be 
able to assist in meeting this demand. The success of 
a professional group depends largely upon the intellec- 
tual talent of the individuals attracted to it. There are 
a limited number of superior intellects in any genera- 
tion. The students who matriculate in a technical or 
engineering school have chosen their profession. In 
many cases their mechanical or mathematical aptitude 
as demonstrated in secondary school has led them to 
this choice. Other types of aptitudes are needed in 
the chemical profession if it is to assume or retain a 
position of leadership. There are good minds in the 
student body of our liberal arts colleges that are not 
fixed on a definite objective when they enter upon their 
college course. Some of these individuals have been 
repelled by unimaginative overemphasis on mechani- 
cal or mathematical aspects of chemistry. The liberal 
arts college and university can render a service to the 
chemical profession by giving to such students an op- 
portunity to appreciate some of the other aspects of 
this science. 

At last analysis, the student himself, his native 
ability and personality, is the most important factor in 
the success of a system of education. No one type of 
institution can meet the needs of chemical education 
for all. At a symposium of the Division of Chemical 
Education in 1929 on ‘Selecting the Chemist-Elect,” 
Dr. Irving Langmuir (6) closed an interesting address 
with a paragraph I would like to quote for the same 


purpose: 


“As a conclusion, I would say that the idea of stimulating the 
originality of the superior student is of the greatest importance. 
It is not desirable to look for a best course for all. Individuality 
should be developed in the greatest possible way.” 
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Industry’s Interest in the 


Professional Training of Chemists’ 
WILLIAM CABLER MOORE U. S. Industrial Chemicals, Inc., Stamford, Connecticut 


F WE examine the annual report of almost any 
large industrial corporation we will probably find, 
tucked away in the middle of the narrative ac- 
count of the year’s operations, a paragraph labeled 
“Research”; and by inspection of several such reports 
we will most likely be impressed not only by the many 
fields covered by some of these corporations, but also 
by the diverse types of industry where research is done. 
This very diversity of industrial activity, therefore, 
precludes the possibility of Industry as a whole offering 
to any educational institution a detailed program for 
the training of chemists. Moreover, if offered, such a 
program would defeat its own ends. If the educational 
centers were to listen to any proposal for definite, de- 
tailed courses of instruction in the procedures preva- 
lent in different industries they would be swamped 
with unreasonable and arbitrary requests, and would 
indeed degenerate into adjuncts of the industrial 
groups strong enough to subsidize them. 

Research requires a scientifically trained staff; and 
we may be sure that where research work is done there 
also will be control and analytical work, scientific 
trouble shooting, and plant development work as well. 
It is true that in a small organization a scientific Poo 
Bah may carry on all the above activities by himself 
with a few others added to keep him busy; but most 
corporations of even modest capital structure which 
make any pretense of using scientific methods in their 
work will have two or more scientifically minded or 
scientifically trained men on their pay rolls. 

As a definite consequence of the great variety of our 
industrial activities, there are today thousands of well- 
trained expert scientists working for corporations both 
large and small, and it is the purpose of this paper to 
show how they got on the pay roll in the first place; 
why they stay there; and what Industry expects our 
colleges and universities to do to make sure that the 
scientists they are now training will be fit to step into 
the shoes of their elders. 

In attempting to answer the direct and implied 
questions of the preceding paragraph, the three factors 
to be considered are: (1) the industry, (2) the men 
employed in its scientific staff, and (3) the training 
these men have had. If we consider these components 
of our system in their relations to each other we then 
may be in a position to evaluate the fundamental fac- 
tors which the industries concerned deemed of impor- 
tance in selecting and retaining their scientific staffs. 

1 Presented as part of a Symposium on Professional Training 
of Chemists or Chemical Engineers, sponsored by the Division 


of Chemical Education at the 102nd meeting of the A. C. S., 
Atlantic City, New Jersey, September 10, 1941. 


In the course of my professional career I have helped 
train quite a few chemists and have met many more, 
either as members of the American Chemical Society 
and the Electrochemical Society, or as colleagues in the 
teaching and industrial positions I have held, and the 
observations I am about to make are based very largely 
on contacts with these good friends. 

Furthermore, most of my discussion will be con- 
cerned with chemists working in research laboratories, 
because (1) my own experience has largely been in re- 
search work, (2) by far the majority of scientifically 
trained men connected with the industrial organiza- 
tions with which I am familiar remain permanently in 
laboratory work of some sort or another, and (3) many 
of the men holding down plant jobs for the companies 
with which I have been in closest contact worked for 
varying periods in the laboratories before going into 
production work. 

During the years 1913-19, the National Carbon 
Company had (and probably still has) a collection of 
the most fascinating electrical thermal, chemical, and 
physico-chemical problems imaginable; and to solve 
them it had assembled a very able staff. The chief 
members of this staff comprised highly trained elec- 
trical engineers, physicists, chemical engineers, and 
men with Bachelor’s, Master’s, and Doctor’s degrees 
in chemistry. In addition, we had a group of very 
good assistants, and for their advancement and train- 
ing the company operated night classes in its labora- 
tories. Each assistant was under the direct supervi- 
sion of a highly trained superior. In several instances 
these more advanced men had been members of college 
or university teaching staffs. 

The problems with which we were occupied ranged 
from complex electrical phenomena in arcs, through 
commutation, thermal and electrical conductivity of 
carbon, the chemical production of electrical energy, 
high temperature reactions of inorganic compounds, 
colloidal phenomena of finely divided solids, and the 
pyrolysis of tars and pitches used in carbon fabrica- 
tion. 

On the other hand, the U. S. Industrial Alcohol Com- 
pany and its associates and affiliates have for years 
been busy with extremely important scientific prob- 
lems of an entirely different type, including fermenta- 
tion of molasses to get high alcohol yields; disposal of 
fermentation wastes and recovery therefrom of such 
valuable products as ammonia, potassium compounds, 
and vitamins; the manufacture on a large scale of 
many organic esters and anhydrous alcohol (these pro- 
cedures involving in some instances equilibria in azeo- 
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tropic mixtures, and both homogeneous and hetero- 
geneous catalytic action); preparation of solid alcohols 
of various types; corrosion in automotive cooling 
systems; electrolytic destruction of pipe lines and 
plant apparatus; the purification of fermentation car- 
bon dioxide; and the fractional distillation, purifica- 
tion, and utilization of atmospheric gases—to mention 
only a few. 

The research staff of this latter organization is very 
similar to that in the service of the National Carbon 
Company. We, too, have engineers, physicists, and 
chemists, with degrees from A.B. to Ph.D. In addi- 
tion several men have come up the hard way starting 
as assistants and getting. their instruction not only 
while on the job but also by additional study in night 
courses. In the U.S.I.A. organization, however, we 
have no electrical engineers and more mechanical en- 
gineers than we had in Cleveland. Most of our chem- 
ists are specialists in organic rather than in physical 
chemistry. 

Many years ago Alexander Smith pointed out to me 
that no property of matter can be defined accurately 
unless we can measure it, and when we review the ar- 
ray of divérse problems enumerated above, whether 
mechanical, electrical, or chemical, we find that they 
were solved, or are being solved, by measurements of 
energy and materials. 

These facts then give us one reason why the chief 
members of the two organizations referred to were 
hired in the first place: those in authority had reason to 
believe that these persons had had thorough training 
in fundamental methods of measurement. Moreover, 
just as soon as the assistants and helpers could prove 
that they were out of the novice stage they too were 
instructed in making measurements. The seeming 
paradox that everybody in the laboratories was oc- 
cupied with making measurements is due of course to 
the fact that those members of the staffs with collegiate 
and university training were supposed to bring with 
them the ability not only to make measurements but 
also to plan the work on which measurements were 
made, to interpret those measurements, and to apply 
the results of that interpretation to the operation of 
the company so that a profit would result. This im- 
plies that the trained men seeking jobs in industry 
should be able to conceive ideas. 

I like to think of research and development men as 
different from other members of an industrial organiza- 
tion in that their chief stock in trade consists of the 
ideas they have to sell, and that they will be more suc- 
cessful the larger the number of ideas they have which 
can be developed into profit-making processes. This 
ability to conceive ideas is based to a high degree on 
a lively scientific curiosity. 

In the old days, training in measurement meant for 


the chemist thorough grounding in gravimetric and: 


volumetric analysis. However, expert manipulative 
technic is only one phase of thorough training in ana- 
lytical chemistry. Not only must results be obtained 
but judgment is necessary in deciding what degree of 
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accuracy is required, and in interpreting and using 
those results after obtaining them. 

Recent developments in physics and physical chem- 
istry have supplied the analyst with so many new tools 
that methods in measurement today should, in ideal 
cases, also include courses in electrometric titrations; 
the internal arrangement and operation of potentiome- 
ters; the various types of temperature measuring 
devices, measurements of electrical conductivity; con- 
struction, calibration, and use of gas flow meters; pre- 
cision fractionation of liquids and low temperature 
fractionation of liquefied gases, and, possibly, use of 
photoelectric, polariscopic, spectroscopic, and colori- 
metric equipment. 

I have touched only on general aspects of training 
chemists in the art and science of making measure- 
ments. The character of this training will necessarily 
depend upon the ability of the teaching staff and the 
physical equipment available at the institution of 
learning the would-be scientist elects to attend. 
However, there is one way in which every single college 
and university in this country can help its students 
and at the same time win the everlasting gratitude of 
industry, and that is by insisting on every student’s 
writing up full, complete, and accurate accounts of 
every experiment he performs, telling why the experi- 
ment was made, apparatus used, conditions of experi- 
ment, observations made, and conclusions drawn. 
These records should be dated and signed by the writer 
on each page, and should be written in the laboratory 
while the work completed is fresh in the student’s mind. 
It will help also if each page is witnessed. 

This suggestion implies the study of English com- 
position concurrently with the courses in chemistry, 
but it also implies careful reading of the student’s 
notebook by the instructor in charge, followed by 
friendly oral criticism of the student’s method of expres- 
sing himself. It helps also to require a student to 
write an occasional progress report on an extended 
project. There is no better way for one to find the 
missing links in his experimental work than to write 
it up with the intention of making his statements so 
complete that another worker will be able to follow 
through and duplicate the first .xperimenter’s results. 

Most of the physicists of my own age had much better 
training in mathematics than the chemists, and I used 
to marvel at the ease with which a physicist colleague 
could use calculus in deriving formulas for the thermal 
and electrical behavior of carbon plate compression 
theostats. Today, however, a chemist is not com- 
pletely equipped unless he, too, has had thorough 
grounding in both differential and integral calculus, 
since so much of modern chemical theory has a mathe- 
matical basis. 

The first duty of the colleges and universities would 
seem to be to make a careful selection of applicants and 
admit to advanced and graduate courses in chemistry 
only those who have what the late Julius Stieglitz used 
to call “Chemical Instinct.’’ Having thus secured a 


desirable quality of raw material, individual instructors 
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in chemistry can do much toward developing scientific 
curiosity, originality of approach, and that attitude of 
mind which enables one to make a careful, critical 
evaluation not only of experimental results but also of 
the literary expressions of the results of others. 

The development of constructive critical attitudes is 
difficult, but in a laboratory where each man is free to 
discuss every phase of his work with every other re- 
search worker, the kindly criticism of his colleagues 
will be of great assistance in forming and expressing 
only considered, mature judgments. The necessity 
for caution is especially important on trouble-shooting 
jobs. Frequently one of our own plant managers, or a 
customer, will make a perfectly straightforward, ab- 
solutely sincere statement of conditions, which seems 
so plausible that the research man will be inclined to 
accept it at its offered value; yet a little more careful 
study will reveal either false premises or faulty logic. 

Consultation with various of my colleagues—ranging 
from those who obtained their degrees a few years ago 
to those with many years of service in industry— 
brings out the interesting point that in no case was the 
student in pure chemistry made aware of the great 
mass of chemical patent literature on which so much 
industrial chemistry is based. A very interesting and 
attractive seminar could be arranged for advanced 
(graduate) students by a live instructor who would 
first make a personal study of the patent literature in a 
rather restricted field of chemistry and then hand out 
the patents themselves, instructing each student to 
write a critical analysis of the patent assigned him. 

While originality of ideas and the habit of construc- 
tive criticism may be developed by encouraging a 
graduate student to carry on his research alone, it is 
my belief that our universities would turn out better 
trained men if each graduate student were required 
to take part in a group research. Every single in- 
dustrial problem of which I have any knowledge has 
really been solved not by one man working alone but by 
a group effort. This is true even of relatively simple 
jobs, and is so important that I shall now discuss this 
point in detail. 

In our own laboratory, problems are assigned to in- 
dustrial research men who have the benefit of the ex- 
perience, counsel, and advice of all other members of 
the organization. After positive results have been ob- 
tained repeatedly it may become necessary to set up a 
pilot plant from which data can be developed for the 
construction and operation of a full-sized plant in one 
of our factories. 

In most instances the design and construction of 
this pilot plant are carried out by our research engineer- 
ing staff in constant consultation with the chemist or 
chemists responsible for the process. The operation 
of the pilot plant will then be started by a group of as- 
sistants under the general supervision of the chemists 
and engineers. The data so secured are the basis for 
further large-scale development, and when the fac- 
tory-size plant has been completed the chemists, en- 
gineers, and assistants associated on the project will go 
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to the manufacturing center where the new plant has 
been installed and operate it until it works satisfac- 
torily. In the meanwhile they will have been training 
a regular crew of factory operators to handle the job, 
under the watchful eye of the plant superintendent and 
his crew of supervisors, many of whom are chemists 
and chemical engineers. When the new process is able 
to “‘go it alone,” the research crew returns to the labora- 
tory to start anew on another problem. The new 
problem may necessitate an entire regrouping of per- 
sonnel, so in work of this type a flexible organization is. 
absolutely essential. 

Sometimes trouble develops in plants either in con- 
nection with old or new processes, and frequently a re- 
search scientist will be directed to find and correct the 
trouble. In extreme cases he may actually become a 
sort of “receiver” for that particular operation, having 
entire charge of it and reporting only to his own supe- 
riors and not to the plant manager. 

It should be readily understood from the above ac- 
count of the passage of a problem through our organiza- 
tion that its prosecution to a successful commercial 
process requires loyal codperation of every single per- 
son concerned with all the others on the job—all the 
way from beginning to end. While a chemical ‘yes 
man’’ could easily become one of the greatest liabilities 
an industrial research laboratory might have, the re- 
search scientist, supervising the installation of a new 
process into a plant already turning out products at a 
profit, should realize that the plant management is on 
the job to see that production is maintained. He 
should therefore be tactful in all his approaches to the 
plant superintendents and if necessary go out of his way 
to see that production and delivery are maintained at 
the highest possible levels. This is particularly so when 
he is on a trouble-shooting job. One example will suf- 
fice: 

A research man studying a plant in trouble knew 
definitely that a 24-hour ‘‘aging’”’ period was necessary 
before a certain product could be inspected for ship- 
ment. The operating officials put pressure on him to 
shorten this period in order to keep production mov- 
ing. Instead of yielding, the ‘‘trouble shooter” went 
to the plant at 2:00 a.M., inspected material produced 
up to a deadline of 24 hours previously, and so gave the 
shipping clerk who came on duty at 6:00 a.m. plenty 
to keep him busy until the laboratory representative 
came back on the job at 9:30. A codperative attitude 
of this type wins friends for the laboratory and for the 
chemist himself and also gives plant managers con- 
fidence in the scientist’s approach to plant problems. 
As pointed out previously, educational institutions in 
general can help develop the spirit of codperation by 
requiring at least part of a student’s research to be done 
as a joint problem with other students. Many extra- 


‘curricular activities help students to work well with 


others, but even a student who has not had any of 
these advantages can be trained as an industrial scien- 
tist, so that he does not become a cog in a machine, but 
is an essential part of an industrial entity whose com- 
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ponent parts must each perform its function properly 
if the organization is to survive. 

Let us consider again the chemist who went to the 
plant at 2:00 a.m. in order to inspect the product so 
the shipping clerk’s work could start promptly at 6:00. 
If he had yielded to the requests of the operating of- 
ficials and had allowed material to pass out as approved 
quality before the 24-hour ‘‘aging”’ period had elapsed, 
they would have (1) seriously questioned the need of a 
waiting period, and (2) finally would have begun to 
doubt this chemist’s knowledge and ability. By his 
conduct in this case he convinced the operating of- 
ficials not only that he knew his job but also that he 
understood their point of view. 

Rigid insistence on the proprieties in writing up 
notes on laboratory work and in examinations is good 
discipline which tends to develop intellectual integrity ; 
and it is my belief that more group research will have 
the same effect. Questions of priority in this work 
can be solved as they are in industry by having ideas 
and experiments written up, dated, and witnessed 
every day. 

At this point let us attempt a definition of what I 
have just called intellectual integrity. It is of course 
simply one phase of common honesty and sincerity, 
and may be defined as that important factor in a per- 
son’s character which impels him to act within the 
spirit as well as the letter of the law, which prohibits 
him from making mental reservations in his statements 
to others, and which in addition to making him a fine 
fellow to work with also makes him a moral asset to the 
company for which he works. It is easier to point out 
typical deviations from this ideal than it is to cite posi- 
tive examples. 

Because of some real or fancied injustice some chem- 
ists have been known to withhold ideas and informa- 
tion, hoping to use this material as a bargaining lever 
either with the same or some other company. 

Through a false idea of the need for secrecy, men in 
charge of group efforts sometimes do not give their 
subordinates the whole story about a problem. This 
attitude may have unfortunate results. If a problem 
has long been foremost in the laboratory’s efforts and a 
new man offers an idea concerning it, he will feel that 
his idea has been stolen from him when patents ap- 
pear later under some other worker’s name. Subordi- 
nates who find out at a later date that they have not 
been given all the facts about a problem develop an 
attitude of suspicion toward their superiors. 

Owing to an excess of enthusiasm, a group leader 
may fail to give proper credit to his fellow workers for 
their ideas. He in effect becomes their competitor 
when he should be their leader; and if he tries to get 
all patents issued in his name the effect will be most dis- 
astrous to morale in the laboratory and the company. 

Instructors themselves should set examples of recti- 
tude to their students. One very famous chemist used 
to demonstrate the dyeing of a piece of smordanted 
cloth to his students, who could never duplicate these 
results. A laboratory assistant called on to find out 
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the trouble was no more successful than they. The 
latter appealed to the chap who set up the lecture ap- 
paratus and only then did he learn that the eminent 
professor always used a porcelain beaker which con- 
tained in addition to the freshly inserted cloth a similar 
swatch previously dyed, and that to get the results 
seemingly achieved within one or two minutes actually 
required a much longer period. This experiment was 
good showmanship but did not tend to develop high 
morale among the students when the great one was ex- 
posed. 

Finally, no educational institution should recom- 
mend a mediocre student for a first-class job. That 
man under whom an advanced student does most of 
his work is in the best possible position to judge of the 
student’s ability and character; and as Professor 
Julius Stieglitz once pointed out to me, an instructor 
should be rigorously cruel if need be in taking care 
that recommendations he makes about students tell 
the whole truth. Only by such extreme precautions 
can the members of a college or university chemical 
staff maintain a high opinion of their graduates with 
industrial concerns. 

In concluding this paper, I would like to point out 
that all of the chemists with whom I have been as- 
sociated for years were started on their careers by a 
native scientific curiosity, and all were trained to ap- 
proach the problems presented to them from an experi- 
mental point of view. Many of them had training in 
the use of chemical literature; and none gave much 
thought while in college or university to the kind of job 
they would get after graduation. If they had been 


‘questioned, they might have replied, ‘Oh, I may get a 


job as a teacher or possibly go into some institution 
like Rockefeller or the Geophysical Laboratory.” 
When at last they went to work in an industrial lab- 
oratory they brought with them that same critical ex- 
perimental approach in which they had been trained; 
and none of them felt that he knew all the ways to 
the right answers, both academic and engineering, be- 
fore he got started on his problem. 

On the other hand, many chemical engineers ap- 
parently have entered their profession because they 
wanted to get as soon as possibJe into industriai work, 
and knowing that production at a profit is the goal of 
applied chemistry they generally made their ideal a 
superintendent’s or a manager’s job in an actual chemi- 
cal plant. Too often they entered a research labora- 
tory assuming that their first job was only a step to an- 
other position, and that they already knew all the 
chemistry involved in the operations of the company 
fortunate enough to have acquired their services. 

In their zeal for ‘unit processes,’ and in their en- 
thusiasm for the strictly commercial point of view, 
some of them neglect to consult with older and wiser 
heads, unaware of the pitfalls in the path of those 
who, for instance, recover waste material from a scrap 
pile without first learning why it was discarded in the 
first place; or of those who design ‘‘man-size” apparatus 
without considering the available man power and time 
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limits on its operation. It has been my experience 
that mechanical engineers seldom assume that they 
know any of the chemistry involved when they are 
called on for aid, and that they work well with chemists. 
Just let the chemical engineers get a little more chem- 
istry so that they can see the chemist’s viewpoint and 
they will be all right from the start. 
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I can best summarize by stating that the industries 
expect college graduates to come to them trained in 
fundamentals, especially in the quantitative aspects 
of their science; able to set down their observations ac- 
curately; inspired with a zeal for investigation; and 
imbued with an honest desire to codperate in group ef- 
forts to transform laboratory results into factory proc- 
esses commercially profitable. 


Quantum Numbers and the Periodic Table 


THOMAS H. HAZLEHURST 
Lehigh University, Bethlehem, Pennsylvania 


HIS paper formulates and attempts to solve a 

problem in the presentation of the Periodic Table 

to elementary chemistry students. The more 
modern texts. (la—17) usually include a tabulation of 
the distribution of electrons in shells or subshells for 
each atom. In the tabulation, the shells are arranged, 
quite naturally, according to the principal quantum 
numbers of the electrons. Hence, when the transition 
elements are reached (at Sc, No. 21), a shell already 
“complete’’ in the sense of being chemically inert in 
argon begins to find places for more electrons and ac- 
tually acquires ten of them before it is “full.” During 
this process of completion of the third quantum shell, 
there are two electrons in the fourth shell and the ques- 
tion inevitably arises: ‘‘Why do these two not ‘fall 
back’ into the third shell, and, if the third shell is not 
full at argon, why is argon an inert gas?”’ The same 
difficulties arise for the other transition series commenc- 
ing at yttrium and lanthanum. 

The question is either ignored or sidestepped in 
most texts,! not, of course, because the authors did not 
know the answer, but because it probably seemed a bit 
beyond the comprehension of elementary students. 
It is proposed to present the actual explanation in 
briefest outline and then to suggest a method of presen- 
tation suitable for elementary students and plausible 
without being incorrect. 

The capacities of shells with a given principal quan- 
tum number are fixed by (1) the rules governing the 
permitted values of the quantum numbers and (2) 
the Pauli Exclusion Principle. The permitted values 
of the quantum numbers are: 

1 to 
0 to n—1 (n values) 


to +/ (21 + 1 values) 
—'!/, or +1/2 (2 values) 


Principal quantum number n 
Azimuthal quantum number l 
Magnetic quantum number m 
Spin quantum number s 


The Pauli Exclusion Principle states that no two elec- 
trons in the same atom may have the same values of all 
four quantum numbers. It follows that, for a given 
value of u, there are 2n? different sets of values for the 


Deminc (1b), Fost#R AND ALYEA 


1 Notable exceptions: 


quantum numbers, because / may have the values 0, 
1,..., #-1, and for each value of / there are 2/ + 1 
values of m, and for each set of values of / and m there 
are just two choices for s. Hence the capacity of the 


nth quantum shell is 
l=n-1 n—1 
2 (21 + 1) = 2(2 L+n) = 2[2(m — 1)n/2 + n] 
=0 ( 


2(n? —n +n) = 2n? 


In Table 1 are listed the capacities of quantum 
shells with given . For comparison the lengths of the 
periods in the Periodic Table are also inserted. There 
is obviously a close relationship between the capacities 
of the shells and the periods, for the numbers 2, 8, 18, 
32 appear in both sets and in the same order, but the 
numbers 8 and 18 appear fwice in the lengths of the 
periods. Why? 


TABLE 1 
Quantum shell number 1 3 + 5 6 
Capacity 18 32 72 


2 

2 8 
Period number 1 2 3 4 5 6 
Capacity 2 8 8 18 18 32 


The mth quantum shell is actually a group of “‘sub- 
shells,’ for there are 2m? electrons there and they do 
not all have exactly the same energy. Actually, it isa 
sufficiently good approximation for our purpose to 
put all the electrons with the same m and / (but dif- 
ferent m and s) into the same subshell, so that there 
will be  subshells in the mth shell corresponding to the 
n possible choices for /. Frequently the tables show- 
ing electronic configurations of elements are arranged 
by subshells. 

The order in which the shells or subshells are filled 
is fixed by their relative energies, the electrons always 
going into the available space of lowest energy. An 
approximate arrangement of subshells by energies is 
given by Pauling (2) and a modified diagram of the 
same sort is shown in Figure 1.2 It is clear that the 3d 


2 FOSTER AND ALYEA (1d) have one of the same general type. 
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subshell, although it belongs to the shell for which » = 
3, lies higher in the energy scale than does the 4s sub- 
shell and is therefore filled later. The inert gases 
come just where the largest gaps appear in the energy 
diagram, that is, after the completion of subshells 1s, 
2p, 3p, 4p, 5p, and 6p, respectively. The various sub- 
shells grouped together between these positions have, 
of course, exactly the capacities of the periods of the 
Periodic Table, and each group might well be termed 
a ‘‘valence shell’ in distinction to the grouping of sub- 
shells into ‘quantum shells.” 


SUGGESTED METHOD OF PRESENTATION 


To present such material in such a fashion to first- 
year students would be to create as many difficulties 
as it would remove, but there seems to be no need to 
give the capacities of quantum shells at all. It should 
be feasible to start by stating that there are four types 
of subshells: s, p, d, and f, with capacities of 2, 6, 10, 
and 14 electrons, respectively. This should be followed 
and illustrated by a diagram like Figure 1, in which the 
arrangement of subshells according to energy levels is 
shown. Each circle represents a place to put a pair of 
electrons. This diagram, in connection with the in- 
tuitively plausible rule that electrons always seek the 
lowest available position, justifies the locations of the 
inert gases (at the wide gaps in the energy levels) and 
indicates the other properties of the Periodic Table. 
The group of subshells 4s, 3d, 4p would constitute the 
fourth valence shell, and the fact that several subshells 
are involved will justify the variable valence of the 
transition elements. Similarly, the fifth valence shell 
is composed of 5s, 4d, 5p, and the sixth valence shell 
of 6s, 4f, 5d, 6p. 

Such an approach deliberately avoids the series of 
numbers 2, 8, 18, 32, 50 which must be reconciled with 


the Periodic Table and uses immediately the actual set — 


of numbers 2, 8, 8, 18, 18, 32 appropriate to the Table. 
The usual tabulation of electron configurations using 
subshells can still be employed if the order of the sub- 
Shells is that given in Figure 1 rather than that of the 
principal quantum numbers. It is true that the ques- 
tion may still arise: ‘‘Why does the fourth valence 
shell contain a subshell numbered ‘3’?” Aside from 


3 The exact order of these energies changes in a fairly complex 
manner as the nuclear charge increases (3), but the general as- 
pects of the diagram are correct. 
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the fact that there is no need to stress or, perhaps, even 
to mention the designation of subshells by quantum 
numbers, a bald statement that the numbering of the 
subshells ‘‘follows a convention established to facilitate 


FIGURE 1.—ENERGyY LEVELS OF SHELLS AND SUBSHELLS OF ELEC- 
TRONS IN Atoms. Eacu CrrcLtE Can Hotp Two ELEctTRoNS 
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the interpretation of spectra” will probably sound suf- 
ficiently profound to be accepted and too abstruse to 
be questioned further. 
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Modern Motor Fuels 


GUSTAV EGLOFF 
Universal Oil Products Company Research Laboratories, Chicago, Illinois 


HE normal fuel needs of automotive engines are 
satisfied by three grades of gasoline—premium, 
regular, and third grade. These gasolines have 
octane ratings! of about 81, 74, and 65, respectively. 


Acme Photo 
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The performance and efficiency of such ‘‘Flying Fortresses”’ 
is in large part due to the high-octane gasoline now available 


In some parts of the United States the third grade 
gasoline is being eliminated due to the war and the 
desirability for cutting down operating procedures, 
and for the production of airplane fuels. The 31,- 
500,000 motor cars in the United States required about 
595,000,000 barrels of gasoline during 1940. 

In war time specially designed fuels of 100-octane 
rating are necessary in order that the high compression 
ratio in internal combustion engines of the fighting 
and bombing planes may be operated with greatest 
efficiency. A number of commercial processes have 
been developed in the past few years based upon 
fundamental researches which have made 100-octane 
gasoline available. As of December 1, 100-octane 
gasoline was produced at the rate of 40,000 barrels 
(42 gallons each) per day, and the Petroleum Coérdina- 
tor has requested that this volume be increased quickly 
to 120,000 barrels. At the rate of 3.5 barrels average 
consumption per hour by military planes, the 120,000 


1 The octane rating of an unknown gasoline is determined by 
matching its performance in a single cylinder engine against that 
of a reference fuel made up of known mixtures of isooctane (2,2,4- 
trimethylpentane) and normal heptane. A numerical value of 
100 is assigned to the former hydrocarbon and 0 to the latter. 
The percentage of isooctane in the mixture with heptane which is 
required to match the performance of the unknown fuel in the 
test engine is the octane number of the fuel. For example, if 75 
per cent 2,2,4-trimethylpentane in normal heptane is required to 
match the combustion of an unknown gasoline in the test engine, 
then the octane rating of that gasoline is 75. 


barrels of 100-octane gasoline per day would be enough 
to fuel 35,000 fighting planes for approximately one 
hour. 

Petroleum refining first came into commercial im- 
portance for the production of kerosene. Gasoline was 
a by-product of so little value that it was thrown away, 
usually by draining it into a neighboring river. The 
fire menace caused by this practice soon brought forth 
laws which prevented it. With the advent of the auto- 
mobile in about 1900, gasoline became the product in 
greatest demand, as it is today. The transition from 
the kerosene to the gasoline age is strikingly illustrated 
by the relative amounts produced from each barrel of 
crude oil in 1899 and 1941. In the former case, gaso- 
line represented 5.4 gallons per barrel of crude, while 
24.2 gallons of kerosene were produced.? In 1941, 
gasoline represented 19 and kerosene only 2 gallons 
per barrel of crude. 

Distillation provided the consumer with the so- 
called straight-run gasolines, which are still used, al- 
though at present they are not considered efficient in 
motor cars. Cracking or pyrolysis was the next major 
development in petroleum refining to increase the per- 
centage yield of gasoline. About 25 per cent of the 
total straight-run gasoline produced is cracked (re- 
formed) to gasoline of higher octane rating. After the 
production of gasoline reached practical limits in oc- 
tane rating by thermal cracking, other processes were 
developed, such as catalytic cracking, polymerization 
of olefins, alkylation of isobutane with olefins, and isom- 
erization of normal paraffins to isoparaffins, produc- 
ing compounds of higher octane values. In order that 
the significance of these various developments might 
be traced, measurements of the efficiency of gasoline 
based upon the structures of the hydrocarbons present 
were made. Ricardo* reported his findings on the 
relationship between chemical structure of hydrocar- 
bons and engine performance in 1920 and since then 
many investigations of that type have been made. 


OCTANE NUMBER OR ANTI-KNOCK RATINGS OF GASOLINES 


The straight-run gasolines which nature produces 
will readily detonate in the cylinders of high compres- 
sion automotive engines. When a gasoline knocks 
there is a loss of power and efficiency, and because of 
this the oil industry constantly carries out research to 
synthesize hydrocarbons which are non-detonating. 

For a long time nothing of any great consequence 
was known either of the type of hydrocarbons present 
in gasoline or their exact behavior under conditions 


2 “Petroleum facts and figures,” 5th ed., American Petroleum 
Institute, New York City, 1937, p. 116. 
3 Ricarpo, Engineering, 110, 325-61 (1920). 
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Generally speaking, 
the engines of the early era were operated under low 
compression pressures (50 p.s.i.)* so that the molecular 
structure of the fuel was of little concern. Even after 
many of the mechanical difficulties were eliminated the 
automobile engine was not capable of utilizing super 


existing in the engine cylinders. 


fuels efficiently. However, as the compression pres- 
sures under which combustion was initiated rose (110 
p.s.i. in 1941), higher anti-knock gasoline had to be 
provided. 

It may be pointed out, however, that even at the 
present time many automotive engines are not con- 
structed in such a manner as to warrant the use of the 
better grades of gasoline. If third grade gasolines do 
not detonate in the engine, then nothing is gained in 
efficiency or economy by the use of regular or premium 
gasoline. When a fuel knocks in a motor, try the next 
best grade. If knocking persists on premium fuel 
(assuming spark timing is in correct adjustment) it is 
time to have the motor overhauled. 

The earliest appreciation of the relation between 
knocking in motors and the types of hydrocarbons pres- 
ent in the fuel was published in 1915. Tests were 
made in cars using cracked gasoline, going up hill in 
high gear without shifting. Some of the earlier work 
on correlation of chemical structure with engine per- 
formance showed that certain chemical compounds 
would run engines more smoothly than others. One of 
the important contributions to the problem of improv- 
ing engine performance was the discovery of the knock- 
suppressing quality of tetraethyllead, by Midgley and 
Boyd. 

The first knock-testing standards used toluene as 
a reference fuel and later benzene and aniline. Edgar’s 
preparation of 2,2,4-trimethylpentane, the so-called 
isooctane, of 100-octane rating (by definition), brought 
about a new reference standard. An “octane rating”’ 
scale was set up using this hydrocarbon as reference 
fuel, together with normal heptane of zero octane num- 
ber. For some time the 2,2,4-trimethylpentane (isooc- 
tane) was so expensive ($300 per gallon) that secondary 
reference fuels were measured against pure isooctane 
in pure heptane and then used in place of the standard 
isooctane mixture. This is still done, since the present 
price of c.p. isooctane is $9 per gallon and that of n- 
heptane is $25 per gallon. 

Today we still use isooctane as the standard fuel, 
although in many ways it is no longer the “perfect” 
fuel it was formerly considered. Other hydrocarbons, 
such as triptane (2,2,3-trimethylbutane), have been 
synthesized which are notably better in engine per- 
formance than fuels of 100-octane rating. Triptane 
has been estimated to give an actual power output 50 
per cent higher than isooctane. Triptane is prohibi- 
tively priced—originally $3600 per gallon, now $40 
per gallon, still too expensive for ordinary use. No 
doubt someone will discover a method of synthesis so 
that its cost will be 35 cents a gallon or less Aviation 


4 p.s.i. = pounds per square inch. 
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gasolines are even now being produced with ratings 
superior to isooctane. 

Automobile gasolines are made up primarily of 
paraffins, olefins, cycloparaffins, and aromatics in 
varying percentages and boiling from 40° to 210°C. 
The high octane rating gasolines boiling between 40° 
and 150°C. are for aviation use. The gasolines used 
in fighting and bombing planes are made up largely of 
isoparaffins (7. e., branched-chain paraffins) with a 
maximum of four ml. of tetraethyllead added per 
gallon. 

The chemical structure of hydrocarbons is of utmost 
importance in octane rating. As will be noted from 
the tables, the straight-chain liquid hydrocarbons are 
lowest in octane rating, and as the branching increases, 
the octane rating or efficiency increases. 

Table 1 shows the structures and octane ratings of a 
number of straight-chain paraffin hydrocarbons. 


TABLE 1 
Octane Rating 
A.S.T.M.-CFR* 
Name Structure Method 

Methane ¢€ 100+ 
Ethane c—C 100+ re! 
Propane Cc—C—C 100 
Butane Cc—C—C—C 92 
Pentane CcC—C—C—C—C 61 
Hexane Cc—C—C—C—C—C 25 
Heptane CcC—C—C—C—C—C—C 0 Liquids 
Octane C—C—C—C—C—C—C—C -17 
Nonane C—C—C—C—C—C—C—C—C -—45 


* A.S.T.M.-CFR = American Society for Testing Materials—Codperative 
Fuels Research. 


The octane ratings of the simpler straight-chain 
hydrocarbons decrease rapidly after butane. The 
high fuel efficiency of the normal gaseous paraffins 
makes them excellent motor fuels except for the fact 
that they must be kept under pressure in heavy steel 
cylinders. These hydrocarbons have found applica- 
tion in stationary gas engines and to some extent in 
automotive engines. The weight of extra equipment 
required to utilize these gases has ruled them out in 
most cases, especially in airplane engines, although they 
have been suggested for this use. Germany and Italy 
utilize methane, ethane, propane, and butanes, com- 
pressed into cylinders at pressuyes up to 5000 p.s.i., as 
fuel for motor cars, trucks, and buses. There are 25,000 
buses and trucks operating in the United States on 
compressed propane and butanes. Compressed hydro- 
carbon-gas filling stations, much like gasoline stations, 
are now to be found, particularly in Germany. 

Branched-chain liquid paraffins have been most in 
demand as motor fuels, and examination of Table 2 of 
paraffin hydrocarbons of Cs and C; carbon atom content 
shows the effect of branching of the chain on octane 
rating, and therefore on efficiencies in motors designed 
for the proper combustion pressure. 

Olefin hydrocarbons are present in cracked gasolines, 
and for the longer chains they have far higher octane 
ratings than the corresponding paraffins. Table 3 


shows the octane ratings of a number of straight-chain 
olefins. 


| 
| 


584 
TABLE 2 
Octane Rating 
A.S.T.M.-CFR 
Hexanes Structure Method 
n-Hexane C—C—C—C—C—C 25 
2-Methylpentane Cc—C—C—C—C 73 
3-Methylpentane 75 
c 
2,2-Dimethylbutane 96 
Cc 


Heptanes 
n-Heptane C—C—C—C—C—C—C 0 
2-Methylhexane 45 
Cc 
2,2-Dimethylpentane 93 
Cc 
2,4-Dimethylpentane 82 
c Cc 
3,3-Dimethylpentane 84 
Cc 


* Has 50 per cent greater power output than isooctane; cannot be prop- 
erly measured on octane scale. 


TABLE 3 


Octane Rating 
A.S.TM.-CFR Method 


Ethene 81 
Propene 85 
Butene-2 83 
Pentene-2 80 
Hexene-2 78 
Octene-2 55 


From this series and the previous data shown for the 
paraffin hydrocarbons, the longer the straight chain of 
carbon atoms, the lower the octane rating. 

Aromatic hydrocarbons, also present in gasolines, 
are almost entirely without detonating properties in an 
internal combustion engine, but they do have a ten- 
dency to preignite in engine cylinders. The octane 
ratings are given in Table 4. It will be noted that as 
the side chain lengthens on the phenyl group, the oc- 
tane rating decreases. 


TABLE 4 
Octane Rating 
Compound A.S.T.M.-CFR Method 
Benzene 100+ 
Methylbenzene 100+ 
Ethylbenzene 97 
Propylbenzene 96 


The octane ratings of naphthenic hydrocarbons show 
that when the straight-chain hydrocarbons are sub- 
stituted for one of the hydrogen atoms, on the naph- 
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thene ring, the octane rating is also lowered as the chain 
length of the substituent increases. Table 5 shows 
this effect on both cyclopentane and cyclohexane hy- 
drocarbons. 


TABLE 5 
Octane Rating 
Compound A.S.T.M.-CFR Method 
Cyclopentane 85 
Methylcyclopentane 80 
Ethylcyclopentane 55 
Cyclohexane 77 
Methylcyclohexane 71 
Ethylcyclohexane 41 


From the foregoing tables, the value of chain branch- 
ing in the paraffin hydrocarbons of the gasoline series 
is apparent. Many of these hydrocarbons have not 
been available as such from the straight distillation of 
crude oils, and since their importance is now recognized 
the aim of research in the oil industry is to provide the 
best ones for modern motors. Chemical uniformity 
of gasolines with far fewer hydrocarbons has been the 
developing aim of research. 

Gasolines fractionated directly from crude oil are 
known as straight-run gasolines, and are derived by 
heating the oil to about 400°C. at atmospheric pressure. 
The type of gasolines obtained by this means may be 


_ the straight-chain paraffinic, naphthenic, or aromatic, 


with octane ratings from 15 to 75. The hydrocarbons 
in gasoline depend largely on the type of crude oil dis- 
tilled and whether it is derived from Michigan (low 
octane), Coastal Texas, or California (high octane num- 
ber). The low octane gasolines, consisting mostly of 
straight-chain paraffins, are not used directly but are 
cracked to olefins and aromatics. 


THERMAL CRACKING 


By 1910 or so, the number of motor cars increased so 
rapidly that some refiners realized that it would either 
be necessary to use a process other than the distillation 
of crude oil at atmospheric pressure, or else more pe- 
troleum deposits rich in gasoline would have to be found. 
Both were forthcoming. New methods of prospecting 
and deeper drilling were responsible for the discovery 
of new fields and extension of old ones, and research 
was responsible for better gasoline-making processes. 
Commercial application of the Burton cracking process 
began about 1913. Since that time the ramifications 
of the thermal cracking process have been responsible 
for the development of the oil industry in the direction 
of chemical synthesis not only of new motor fuels but 
also of solvents, synthetic rubber, toluene for TNT, 
and many other products. 

With the use of the thermal cracking process octane 
ratings began a steady rise. Automobile engines were 
redesigned to avail themselves of the increasing po- 
tential power output of the modern gasolines, which are 
far superior to those produced by nature. 

Cracking causes the properties of the gasoline from 
crude oil to be radically improved, and further than 
that, gasoline is produced from crude oils and other 
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heavy oils that contain no gasoline as such. Cracking 
fundamentally involves the breaking down of the 
heavier molecules present in the oil into gasoline com- 
ponents through the use of high temperature and pres- 
sure. The higher the temperature, the smaller are the 


THERMAL CRACKING UNIT 


molecules formed during cracking. Olefinic and par- 
affinic hydrocarbon gases are produced, as well as oils 
boiling within the gasoline range and higher. There 
are two main processes involved in thermal cracking; 
the first merely obtains higher yields of gasoline from 
crude oil, and the second is the so-called reforming 
(cracking) of straight-run low octane gasolines in 
order to increase the octane rating. Crude oils re- 
quire some preliminary processing before actual crack- 
ing can take place. Water is usually contained in the 
crude oil as an emulsion and it is desirable to remove 
this water before processing in the cracking unit. Re- 
moval is accomplished by pumping the crude oil 
through a heat exchanger under pressure of about 165 
p.s.i., where the temperature of the oil is raised to about 
105°C. or higher. It is then passed to a settling cham- 
ber in order to remove the salt water. The dehydrated 
crude oil is increased in temperature to 400°C. and 
passed to the fractionating column where the gasoline 
is distilled from the heavier oil. This is called ‘‘top- 
ping’’ and the heavy oil is pumped directly to the crack- 
ing unit. The temperature of the oil in the cracking 
unit is raised to approximately 520°C. at a pressure 
maintained at 275 p.s.i. The yield of gasoline after 
such treatment varies with the oil processed, whether 
paraffinic or naphthenic, and ranges from 50 to 75 per 
cent of gasoline. The octane ratings of the gasolines 
vary from 66 to 77. 

Straight-run gasolines are often cracked to new type 
hydrocarbons if their octane ratings are too low for 
marketing as third grade gasolines. The conditions 
used for reforming these gasolines are somewhat more 

‘severe than those used in regular crude oil cracking. 
The temperature is of the order of 550°C. and the pres- 
sure about 750 p.s.i. Yields of gasoline from reform- 
ing operations range from 75 to over 90 per cent, de- 
pending on the octane ratings desired, cracking condi- 
tions, and the type of charging stock used. 
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The present yearly (1941) production of cracked 
gasoline is about 320,000,000 barrels. 


CATALYTIC CRACKING 


Cracking oil by catalytic means has been commer- 
cialized in the last few years and can produce yields of 
gasoline up to 85 percent. Bya “recycling” operation, 
the octane rating has been increased from about 70 
for thermal cracking to 80 for catalytic cracking and, 
in the latter process, with high yields of isobutane and 
butenes suitable for manufacture of aviation gasoline. 
The catalysts in general use are silica on alumina, 
although other types of catalysts have been used. The 
cracking conditions in the catalytic process are not so 
severe as those used in purely thermal cracking. In 
the catalytic cracking process, the temperatures are 
around 475°C., and the gasoline conversion is about 45 
per cent on a single passage through the catalyst, with 
octane ratings of about 80. The main reactions occur- 
ring during catalytic cracking are: (1) cracking (car- 
bon-carbon split) producing olefins and paraffins, (2) 
cyclization or aromatization, (3) isomerization, and 
(4) polymerization. 

The high temperature catalytic cracking reaction 
produces many low-boiling olefins and higher alky- 
lated aromatics in the fraction boiling below 200°C., 
whereas reaction at low temperature yields largely 
isomeric paraffins, and naphthenes and higher alky- 
lated aromatics in the gasoline boiling range. A 
flow diagram is shown in Figure 1. The process can 
be operated to produce aviation instead of automobile 
gasoline. At the present time about 36,000,000 barrels 
a year of catalytic cracked gasoline are being produced. 


GASOLINE -GAS. 


SYNTHETIC CRUDE 
FRACTIONATING 
TOWER 10 PSL. 


FIGURE 1.—COMBINATION CRUDE-TOPPING AND CATALYTIC 
CRACKING PROCESS 


There are several catalytic cracking methods available 
through Houdry, Standard Oil of New Jersey, and 
Universal Oil Products Company. 


HYDROFORMING OF NAPHTHAS 


A process called hydroforming (reforming gasolines 
in the presence of hydrogen) converts low octane num- 
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ber gasoline or naphthas into high octane fuels—in the 
presence of hydrogen and a catalyst. Gasolines of 
octane number 80 and higher are produced, which are 
predominantly aromatic in type. No further treat- 


RESIDUAL 


CATALYST. CATALYST. 


FRACTIONATING 
CHAMBER 7 CHAMBER TOWER 


ers 
| | 
ITP ~ 

GAS 


SEPARATOR 
HYDROGEN 


RECYCLE HYDROFORMER 
GASOLINE 


HEAVY. 
POLYMER 


NAPHTHA 
FURNACE CHARGE 


FIGURE 2.—HYDROFORMER 


ment is needed to produce a finished motor fuel. Hy- 
drogen is mixed with the naphtha charge before reac- 
tion and an anomalous reaction takes place, since in- 
stead of hydrogenation occurring, as might be expected 
under the circumstances, dehydrogenation actually 
occurs, with the formation of aromatics and the sup- 
pression of olefin formation. The flow chart in Figure 
2 shows a schematic outline of the 7500 barrel per day 
hydroformer unit, the first to be commercially in- 
stalled.’ The catalyst chambers are arranged to pro- 
vide for alternate operation, since the catalyst activity 
slowly declines with use. When the catalyst drops to 
a certain level of activity, due to the tar, coke, and 
polymer material deposited on the catalyst, the cham- 
ber is taken out of operation and the catalyst regener- 
ated with air. An excessive rate of burning of the 
catalyst is avoided by diluting air with flue gas. 

The unit uses 7500 barrels per day of 40 to 45-octane 
number naphtha, and from this produces at least 80 
volume per cent of gasoline with an octane rating of 80. 
The gasoline contains 45 to 50 volume per cent of total 
aromatics, of which 15 to 20 per cent is toluene. Xy- 
lenes and other higher boiling aromatics make up the 
remainder of the aromatic fraction. No further treat- 
ment is necessary before using the gasoline. Aromatic 
hydrocarbons have high octane ratings and are suit- 
able for motor fuels. The toluene is also used for 
TNT. 

Another catalytic process converts paraffins, of six 
or more carbon atoms in a chain, to aromatics. The 
conditions are 450° to 700°C. and atmospheric pres- 
sure. The catalyst used is an oxide of either chro- 
mium, molybdenum, vanadium, or titanium, using al- 
umina as a base. Catalysis in aromatization of par- 
affins has gone into commercial production of toluene 


5 Refiner Natural Gasoline Mfr., 20, 154 (1941). 
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for TNT. One commercial unit will produce toluene 
at the yearly rate of 30,000,000 gallons. This volume 
is about the same as that produced by all the by-prod- 
uct coke ovens in the United States. The oil in- 
dustry is geared to produce another 40,000,000 gallons 
of toluene, or a total of 70,000,000 gallons, hence the 
United States will have a yearly capacity of 100,000,000 
gallons of toluene. General Crozier in 1918 asked for 
production of 22,000,000 gallons of toluene, whereas 
100,000,000 gallons are projected for the year 1942. 


POLYMERIZATION OF OLEFINS 


It was recognized for some time that gasoline pro- 
duced by thermal cracking had about reached its prac- 
tical commercial limits in octane rating, yet motor and 
airplane designs were calling for increasingly better 
fuels, due to the demand for engines of higher and 
higher compression. As the octane rating was in- 
creased, the temperatures of cracking were also raised, 
yielding gases containing higher percentages of olefins. 
Over 350 billion cubic feet of these gases had been used 
each year in heating the crude and cracking stills. 

There is a process now in commercial use for the pro- 
duction of gasoline, which has erroneously been called 
“polymerization,” but which is really a thermal “‘crack- 
ing” of propene, propane, butenes, and butanes, at 
650°C. and pressures varying from atmospheric to 
1000 p.s.i. Maximum conversion to gasoline does not 
occur with this process, due to the fact that cracking is 
more readily accomplished than polymerization at these 


temperatures and pressures. 


It was shown some years ago by Ipatieff that olefins 
present in the gases could be polymerized commercially 
into gasoline of 80-octane rating in the presence of 
“solid phosphoric acid” at 200 p.s.i. and 200°C. Ap- 
proximately 125 catalytic polymerization units have 
been installed up to November 1, 1941, varying in 
capacity from 125,000 to 27,000,000 cubic feet of 
cracked gas per day. Figure 3 illustrates such a unit. 


FIGURE 3.—CATALYTIC POLYMERIZATION UNIT 


In commercial operation hydrogen sulfide, amines, 
mercaptans, and other impurities are removed before 
processing the gases, since the solid phosphoric acid 
catalyst is poisoned by such compounds. The yield 
of polymer gasoline in these plants ranges from four to 
over nine gallons per thousand cubic feet of cracked 
gas, depending on the olefin content. 

Motor fuel of 100-octane rating was first manufac- 
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tured by polymerization and hydrogenation. Butanes 
and butenes were fractionated from cracked gases 
and subjected to a cold sulfuric acid catalyst to poly- 
merize the isobutene to diisobutene, which upon hydro- 
genation produced isooctane. 


POLYMERIZATION 
175 *-260°C. 


750-1500 PSI 


N-BUTENE SELECTIVE POLYMER 


FIGURE 4.—ISOOCTANE PROCESS VIA DEHYDROGENATION- 
POLYMERIZATION—-HYDROGENATION 


In the “hot” sulfuric acid polymerization process, 
both normal butenes and isobutene combine to yield 
isooctenes; upon hydrogenation isooctanes are pro- 
duced. The butane-butene fraction from cracked 
gases is thoroughly mixed with sulfuric acid until the 
butenes have polymerized. The reaction is exother- 
mic, and cooling is necessary in order to maintain the 
temperature at about 85°C. The initial hydrocarbons 
are allowed ten to fifteen minutes’ contact time with 
the acid, after which the polymer is neutralized with 
caustic soda. The resulting octenes have an octane 
rating of 84. Upon hydrogenation the octane number 
rises to approximately 95-octane since the hydrocar- 
bons are isoparaffins instead of isoolefins. 

The conditions employed for the selective poly- 
merization of the butenes into isooctenes are 150°C. 
and 700 p.s.i. when ‘‘solid phosphoric acid’’ is used. 
The isooctenes have an octane rating of 84 and when 
hydrogenated to isooctanes show octane ratings of 95 
or higher. When manufacturing isooctanes by the 
selective polymerization process, a hydrogenation step 
is necessary in order to produce the isoparaffinic com- 
pounds. Low pressure hydrogenation is carried out 
at 150°C. and 75 p.s.i. in the presence of a nickel cat- 
alyst. Close temperature control is necessary since 
the reaction is exothermic. A flow diagram is shown 
in Figure 4. 

ALKYLATION OF PARAFFINS BY OLEFINS 


Ipatieff was the first to show, through a series of 
fundamental reactions, that a paraffin unites with an 
olefin in the presence of a catalyst. This alkylation 
principle has gone into commercial use, which is im- 
portant for the production of aviation gasoline. The 
alkylation of isobutane with olefins produces isopar- 
affins called “‘alkylate,”’ of 91- to 95-octane rating, and 
which boil within the aviation gasoline range (40°- 
150°C.). 

The alkylation reaction has largely supplanted the 
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isooctane process, for it doubles the yield of high octane 
aviation gasoline and eliminates the hydrogenation 
step. There are two types of alkylations, one thermal 
and the other catalytic. The thermal method of al- 
kylation, on a selective basis, utilizes isobutane and 
ethene to form neohexane (2,2-dimethylbutane). The 
alkylation conditions are 510°C., and 3000 to 5000 p.s.i. 
High pressures are required in order to reverse the 
cracking tendencies resulting from the high tempera- 
tures to effect the paraffin and olefin juncture. The 
olefin concentration is kept low enough in relationship 
to isobutane (about 1:10) during this operation so that 
polymerization is suppressed. In this way a uniform 
product, neohexane, is formed by the combination of 
one molecule of ethylene with one of isobutane. Neo- 
hexane has an octane rating of 94, and is very suscep- 
tible to tetraethyllead addition for increasing the octane 
rating. The volatility of neohexane makes it suitable 
as a blending agent for isopentane, alkylates, isooc- 
tanes, and naphtha base stocks. 

The catalytic type of alkylation shown in Figure 5 
is brought about by combining isoparaffins with olefins 
in the presence of sulfuric acid of 96 to 400 per cent con- 
centration. Lower temperatures, from 0° to 10°C., 
are used in order to reduce oxidation tendencies of the 
hydrocarbons. The product obtained, called alkylate, 
is used as aviation gasoline, since it has an octane rat- 
ing of 91 to 95, a high calorific value, and good lead sus- 
ceptibility. If desired, the alkylation may be largely 
controlled so as to produce 2,2,4- and 2,2,3-trimethyl- 
pentanes. 
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FIGURE 5.—ALKYLATION PROCESS 


DEHYDROGENATION OF GASEOUS PARAFFINS 


Dehydrogenation of gaseous paraffinic hydrocarbons 
by means of catalysts has provided the refiner with an- 
other means of procuring the olefins to manufacture 
polymer gasoline, isooctane, and the various alkylates. 
The process uses chromium oxide on alumina as a 
catalyst, although other oxides of metals of the periodic 
groups IV, V, and VI are also suitable. The tempera- 
tures range from 500° to 750°C. with pressure of one 
atmosphere. Charging stocks are either butanes, pro- 
pane, or a mixture of the two. In this description the 


mixture consists essentially of butanes. Before pass- 
ing into the catalyst chamber, the butanes are heated to 
the reaction temperature. 


The reactors are provided 
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with heat exchangers in order that the temperature 
may be closely controlled. 

As the dehydrogenation reaction continues the cata- 
lyst gradually loses its activity, due to deposits of 
carbonaceous materials, and after one hour or so the 
catalyst must be reactivated by burning off the car- 
bonaceous matter in a hot stream of oxygen-containing 


gas. 

The products from catalytic dehydrogenation are 
butenes, hydrogen, unconverted butanes, and small 
amounts of methane, ethane, ethene, propane, and 
propene. The ultimate yield of butenes on a recycling 
basis is over 90 per cent. The dehydrogenation process 
is of extreme importance, for it makes possible the re- 
covery of large quantities not only of butenes but also, 
by a further dehydrogenation step, of butadiene for 
synthetic rubber. 


ISOMERIZATION OF NORMAL PARAFFINS TO ISOPARAFFINS 


Among the newer commercial processes of exceeding 
importance is that of isomerization of normal butane to 
isobutane, the key hydrocarbon in alkylation. In the 
manufacture of select hydrocarbons, isomerization 
ranks in importance with alkylation, dehydrogenation, 
and polymerization. Isomerization, shown in Figure 6, 
of normal to isobutane occurs at 175°C., and 35 p.s.i. 
in the presence of anhydrous aluminum chloride and 
hydrogen chloride. The yield of isobutane from nor- 
mal butane, resulting from one passage through the 
apparatus, is over 50 per cent. When the unconverted 
normal butane is recycled, the yield is over 90 per cent. 
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FIGURE 6.—ISOMERIZATION PROCESS 


The process also applies to the isomerization of normal 
pentane (64-octane rating) to isopentane of 91-octane 
number; likewise for normal hexane, etc. 


AVIATION GASOLINES 

In spite of the progress in ‘‘tailor making” aviation 
gasolines, they are still mixtures of various hydrocar- 
bons. These hydrocarbons are studied carefully in 
order to give the proper characteristics to the aviation 
fuel, other than the 100-octane rating. 

Blending agents for the production of aviation fuels 
of 100-octane rating are: isopentane, special naphthas 
from selected crude oils, naphthas from the hydrogena- 
tion of gas oils, special straight-run and catalytically 
cracked gasolines, isomerized naphthas, and three ml. 
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of tetraethyllead per gallon. The amount of isopen- 
tane used varies from 10 to 15 per cent, depending on 
the vapor pressures of the isooctanes and aviation 
straight-run fuels, since the volatility of aviation gaso- 
line must meet rigid specifications. 


ALKYLATION UNIT TO PRODUCE AVIATION GASOLINE 


The following is a typical blend for 100-octane fuel: 


Component Per Cent 
Aviation base gasoline 40 
Alkylate 50 
Isopentane 10 
Tetraethyllead 3 ml. 


All military planes of the U. S. A. and Great Britain 
use 100-octane fuel. 

The importance of gasolines of high octane rating 
for airplanes is strikingly shown in the performance of 
87-octane compared with 100-octane fuel in a bombing 
plane, particularly as to speed, rate, and time of climb- 


_ ing, maximum ceiling, and maneuverability of the 


plane. It has been reported that the German invasion 
of England in September, 1940, was stopped by the 
R.A.F. because their fighting planes were powered by 
100-octane fuel, while the German planes were fueled 
with 87-octane gasoline. Table 6 shows these factors 
on a comparative basis. 


TABLE 6 


RELATIVE PERFORMANCE—KOOHOVEN FK59, Two-SEATER RECONNAIS- 
SANCE BoMBER, BRISTOL MERCURY XV 


Aircraft 87-Octane 100-Octane 
Max. speed at 2750 R.P.m. 236 m.p.h. 260 m.p.h. 
Altitude for max. speed 15,700 ft. 17,300 ft. 
Cruising at 60% max. power 192 m.p.h. 211 m.p.h. 
at height of 15,700 ft. 17,300 ft. 


1490 ft./min. 2180 ft./min. 
1630 ft./min. 2360 ft./min. 
Rate of climb at 13,000 ft. 1730 ft./min. 2540 ft./min. 
Rate of climb at 19,500 ft. 1220 ft./min. 2050 ft./min. 
Time of climb to 6500 ft. 4.2 min. 2.9 min. 


Rate of climb at sea level 
Rate of climb at 6500 ft. 


Time of climb to 13,000 ft. 8.0 min. 5.6 min. 
Time of climb to 19,500 ft. 12.3 min. 8.3 min. 
Time of climb to 26,000 ft. 19.4 min. 12.2 min. 
Service ceiling 31,800 ft. 35,700 ft. 
Absolute ceiling 32,800 ft. 36,700 ft. 
Engine 

Maximum output 830 h.p. 1050 h.p. 

Maximum power height 14,450 ft. 15,580 ft. 
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The largest bombing plane in the world is the U. S. 
Army B-19. This plane carries an 11,000-gallon tank 
for fuel of 100-octane rating. There are four Wright 
Duplex Cyclone air-cooled engines each of 2200 horse- 
power. This plane is capable of carrying 18 tons of 
high explosives, or transporting 125 fully armed men 
with a crew of ten to operate the plane. 

As has been shown, the modern trend in petroleum 
refining is increasingly toward catalytic reactions of 
many types. A good reason for this lies in the fact 
that catalytic reactions may be precisely controlled to 
produce specific products and in many instances are 
easier and cheaper to operate than the old type thermal- 
pressure reactions. A further advantage lies in the fact 
that single hydrocarbons of high gasoline quality may 
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be obtained. The tendency is to produce gasolines 
consisting of fewer hydrocarbons, so that combustion 
can be controlled to a nicety for maximum power out- 
put of the motor. The ideal would be a single hydro- 
carbon giving far greater power output than any of to- 
day. Combustion could then be controlled to an ex- 
actness impossible with today’s gasolines, which con- 
tain hundreds of hydrocarbons each competing for the 
oxygen available. The results are not conducive to 
high efficiency. 

What this may mean for the future of air transporta- 
tion is difficult to predict, but fuels of far greater anti- 
knock properties are possible, as well as more efficient 
engines and plane designs, tremendous speeds, and air- 
planes carrying 1000 or more passengers. 


THE REACTIVE PARAFFINS—AN ADDITION 
HERBERT C. BROWN and M. S. KHARASCH 
University of Chicago, Chicago, Illinois 


IN A recent article in this journal (1), the statement 
was made that the “paraffins are neither inert nor un- 
interesting.”’ With this thesis, we are in complete 
agreement. However, the experimental evidence ad- 
vanced in support of the proposition leaves much to be 
desired. The types of reactions listed in the paper 
under the headings of (a) thermal conversion, (0) 
alkylation, (c) oxidation, and (d) nitration are those 
which require high temperatures (300° to 1100°C.). 
Although the reactions cited may demonstrate that the 
paraffin hydrocarbons are not uninteresting, they do 
not furnish, in our estimation, very satisfactory evi- 
dence of the “‘reactivity’’! of these substances. 

In the last three years it has been shown that the 
paraffin hydrocarbons participate in a number of reac- 
tions under surprisingly mild conditions. Thus, they 
may be chlorinated smoothly and rapidly by sulfuryl 
chloride in the presence of small quantities (0.1 mol per 
cent) of organic peroxides (2), 

RH + RCI HCI + SOs 
and they can be sulfonated photochemically under 
equally mild conditions (3), 

RH + $0,Cl, + HCI 


1 The significance of the term “‘reactivity’’ for the classification 
of groups of substances is fully discussed in a forthcoming pub- 
lication from this laboratory. It is pertinent to indicate, how- 
ever, that the term “reactivity’”’ has no real meaning unless the 
reaction which is used as the criterion of reactivity is carefully 
specified. The hallowed belief of the organic chemist in the inert- 
ness of the paraffin hydrocarbons is probably to be ascribed to the 
fact that these substances undergo reaction most readily by 
means of mechanisms involving atomic and free radical inter- 
mediates, and the study of reactions of this type is a recent de- 
velopment. 


Furthermore, direct introduction of the chloroformyl 
group (—COCI) may be accomplished by the action of 
oxalyl chloride on the hydrocarbon, either with the 
aid of actinic radiation, or of small quantities of organic 
peroxides (4), 


RH + (COC): > RCOCI + CO + HCI 


RH + (COCI); RCOCI + CO + HCI 
Most interesting to the student of organic chemistry 
are the observations that, by means of these reactions, 
the paraffin hydrocarbons may be made to react selec- 
tively in the presence of so-called ‘‘reactive’’ aromatic 
hydrocarbons (such as benzene) (2, 3, 4), and that even 
in the presence of the ‘‘reactive’’ olefins the inert paraf- 
fins may be selectively chlorinated (5). It is submitted 
that the concepts presented in elementary organic 
texts concerning the relative reattivities of the various 
classes of hydrocarbons are badly in need of revision. 
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High-Schoot Chemisty 
Colloids in Your Daily Life 


ERNST A. HAUSER 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


EFORE we can talk intelligently about the im- 
portant part colloids play in our daily life we 
must know what they are. Therefore, we must 

first define this term. 
Let us take two sheets of parchment paper and fold 


PARCHMENT 
PAPER 
BAG 


FIGURE 1 


them into two bags. We fill one bag with a water solu- 
tion of ordinary salt (sodium chloride) and the other 
with a water solution of pure animal glue. Both solu- 
tions are clear and transparent and even with the aid 
of a microscope we are unable to detect the presence of 
discrete particles. We then hang each bag in a con- 
tainer partly filled with pure water so that the bag is 
partially immersed (Figure 1). After a while the bags 
are removed and the water in the container carefully 
evaporated. From the water which surrounded the 
bag containing sodium chloride we will find a residue of 
small salt crystals; from that which surrounded the 
bag containing animal glue there will be no trace of any 
residue after the water has been evaporated. We 
will obtain identical results if we use solutions of 
other less common water-soluble salts, such as the beau- 
tiful blue copper sulfate, the deep violet potassium 
permanganate, or vegetable glues like gum arabic or 
gum tragacanth. 

What does this experiment prove? The parchment 
paper contains extremely small pores. They are large 
enough to let the sodium and chloride ions pass through, 
but too small to permit passage of the smallest con- 
ceivable glue particle. Therefore, the sodium and 
chloride ions can, upon evaporation of the water, unite 
to form sodium chloride crystals. 

Thomas Graham, who deserves credit for being the 
first to make this observation in 1861, distinguished 
thereafter between those substances which would pass 


through parchment, when dissolved in water, and those 
which would not. The former he termed ‘crystal- 
loids,” due to their ability to crystallize from solution; 
the latter, ‘‘colloids.” He derived this term by com- 
bining the old Greek expressions for glue, “‘kolla,” and 
alike, ‘‘eidos.” 

At about the same time another Englishman, Mich- 
ael Faraday, made another significant discovery. By 
using appropriate lenses he passed parallel sun rays 
through various liquids placed between plane parallel 
glass plates. Whereas the passage of the rays through 
liquids like water and salt solution is not visible, it did 
shine up as soon as Faraday placed in the beam some 
of the so-called ‘‘drinkable gold” solutions, prepared 
according to the methods described by the alchemists 
of the Middle Ages (Figure 2). However, we need not 
prepare this particular “solution,” which is still used 
upon occasion for its healing power, nor need we set 
up Faraday’s optical arrangement, in order to witness 
this phenomenon. All we have to do is observe a ray 
of sunlight passing into a darkened room, or watch the 
beam of light as it emerges from the projection booth of 
a motion picture theater onto the screen. As long as 
the room or theater is illuminated we have the impres- 
sion of breathing perfectly pure air, since our eyes are 
unable to detect any solid or liquid matter suspended 
therein. However, as soon as the room is darkened, 
allowing only for the entry of a directed light beam, 
we realize that this is not the case. Millions of ex- 
tremely small dust particles suspended in the air cause 
reflections and scattering of the light striking them, and 
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this in turn results in our ability to follow the path of 
the beam of light. 

If we substitute water for air, and extremely fine 
gold particles (too small to be detected with the aid of 
a microscope) for the dust, we have such ‘‘drinkable 
gold.” The suspended gold particles are not visible 
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and the solution will be perfectly clear and transparent. 
But if we pass a single light beam through such a prep- 
aration, these discrete particles will scatter and reflect 
the light and its path through the solution will show up. 

If we place such a preparation in a parchment bag 
and perform Graham’s experiment, we will find that 
the gold will behave like the glue—it will not pass 
through the parchment paper. It is, according to 
Graham’s definition, a colloid. 

As a result of what we have discussed, we can define 
colloids as substances present in an extremely fine de- 
gree of subdivision. We can be even more precise. 
The normal human eye is capable of seeing things if 
they are not smaller than '/25, of an inch (0.1 milli- 
meter). A regular microscope using white light (sun- 
light, arc lamp) as a source of illumination permits us to 
see things as small as 1/25,000 of an inch (0.001 milli- 
meter or 1 micron). 

Since colloids cannot be seen even with a microscope, 
they must be smaller than '/25,00 of an inch. On the 
other hand, we know that the size of simple molecules lies 
in the neighborhood of 1/2,500,000 of an inch (1 millimi- 
cron) and that they pass through the pores of parch- 
ment paper. Therefore, colloids must be larger. As 
a result of such considerations the ‘‘colloidal range” 
covers dimensions between !/25,909 and */2,500,000 Of an 
inch or from 1 to 1000 millimicrons. If we take, for 
example, a large piece of sulfur (matter in the state of 
coarse dispersion) and grind it until it is a fine powder, 
we will no longer be able to pick out a single particle 
with our eyes. But if we place some of that powder 
under a powerful microscope we can still distinguish 
clearly one particle from the other (matter in the state 
of microscopic degree of dispersion). If we now take 
some of that powdered sulfur and shake it up in pure 
alcohol it will dissolve and we have an alcoholic sulfur 
solution. It does not show Faraday’s effect and passes 
unchanged through parchment paper. The sulfur is 
present in the form of individual molecules (matter in 
the state of molecular or analytical degree of disper- 
sion). If we now reduce the strength of the alcohol by 
diluting it with water, we also reduce the amount of 
sulfur it can hold in a dissolved (molecular) state. 
Therefore some sulfur molecules will group together to 
somewhat larger particles and change into undissolved 
“aggregates.” Outwardly the solution will be un- 
changed, clear and transparent, but it now exhibits the 
Faraday effect and no longer permits all the sulfur it 
contains to pass through parchment. The sulfur mole- 
cules which could no longer remain in molecular dis- 
persion when we added water have clumped together, 
thereby increasing their size to colloidal dimensions. 
Figure 3 gives a schematic picture of the various de- 
grees of dispersion of matter and shows the intermediate 
position of the colloidal range of dimensions. Since 
the limits of the various ranges are not to be considered 
rigid, we are justified in stating that there exists a 
continuous transition from matter in the coarse state 
to matter in the analytical state of dispersion, the 
colloidal state being intermediate. 
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Now that we have established the fact that ‘‘colloids”’ 
are not to be considered as a special group of sub- 
stances, but rather that any substance becomes a 
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colloid if present in a certain range of dimensions, two 
more questions beg for answers. 

1. In all our previous discussion we defined matter 
as a colloid if it was present in the form of particles 
whose size came into the colloidal range of dimensions. 
Now we know from elementary physics that each body 
is three-dimensional (height, length, and width). In 
the cases discussed so far, all three dimensions of the 
particles were colloidal, but is it not conceivable that 
only one or two dimensions of a body fall into the col- 
loidal range and the third one does not? What are we 
dealing with then? 

2. Is an arbitrarily selected dimensional range suf- 
ficient justification upon which to base a new branch 
of science? If not, what other good reasons can one 
offer for the importance one attributes to colloids to- 
day? 

Let us take a piece of solid gold and roll it out until 
its thickness is only '/25,000 of an inch. Admittedly, 
the sheet formed will cover a greater area than the 
original piece, but otherwise no significant change is 
noticeable. However, if we continue to reduce the 
thickness by hammering until it is from 4 to 300 milli- 
microns (colloidal range of dimensions) we will be sur- 
prised to find that this sheet has suddenly become 
transparent, permitting an undistorted green-tinted 
view through it. This sudden change in a specific 
property of a substance could not be predicted from 
studying it in its coarse state. ‘Many other examples 
can be cited which prove that matter in the colloidal 
state exhibits properties which cannot be predicted 
from studying the same substance in its coarse form, 
or in solution. There is ample justification, therefore, 
for making the study of these properties the subject of 
a special branch of science. The example of the gold 
sheet answers the first question. Therefore, we can 
now sum up our findings in the following statement: 

Any substance which will exhibit colloidal properties, 
when at least one of its dimensions falls within. the col- 
loidal range, must be classified as a colloid as far as this 
dimension is concerned. 

Colloids are distinguished from matter in other 
states of dispersion not only by those properties which 
undergo visible changes, but perhaps even more partic- 
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ularly by their exceptional reactivity. By that we 
simply mean that they react with their surroundings 
more readily and effectively than the same substance 
if present in coarse or analytical form. 

To demonstrate this let us get a piece of charcoal. 
Divide it into two pieces of approximately the same 
weight. One piece is left as is and the other ground to 
as fine a powder as possible. Then make up a strong 
water solution of a dye such as methylene blue or 
crystal violet and place equal quantities of it in two 
glasses. We place the piece of charcoal in one and the 
charcoal powder in the other, stir well, and then filter 
through a dense filter paper. While the dye solution 
of the first glass will come through without any ap- 
preciable change in color, uncolored water will come 
through the filter from the glass containing the powder. 
The powdered charcoal has “adsorbed” the dyestuff. 
This phenomenon is called “adsorption.’”’ What has 
caused this striking effect? All we need to explain it 
is some very simple mathematical reasoning. 

We certainly are justified in the assumption that the 
grinding has in no way changed the chemical composi- 
tion of the charcoal; both the solid piece and the pow- 
der are exactly the same substance. To facilitate our 
reasoning we will not grind the piece but divide it more 
systematically. 

We start with a cube of charcoal, or any other sub- 
stance, such as silver, of one-cm. edge length. Then 
this cube will have a volume of one cubic centimeter, a 
total surface area of 6 square centimeters, 12 edges, 
and 8 corner points. 

We now proceed first to cut this cube into slices 0.5 
micron or 500 millimicrons thick (range of colloidal 
dimensions), then we split these sheets into rods of 500 
millimicrons width and finally subdivide them into 
cubes of 500 millimicrons edge length (Figure 4). We 
have produced the fabulous number of 8,000,000,- 
000,000 cubes with a total of 96,000,000,000,000 edges, 
64,000,000,000,000 corner points, but, most important 
of all, the overall surface of these cubes is now 120,000 
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square centimeters, or 12 square meters! If we add 
up their volume it is still one cubic centimeter. If we 
reduce the edge length of the cubes to one millimicron 
(lower limit of the colloidal range of dimensions), then 
the overall surface of these cubes would amount to 
6000 square meters! It is this tremendous increase 
in surface which distinguishes matter in the colloidal 
state from matter in other forms. 
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If we take ice cubes of different sizes and allow them 
to melt, or let sugar cubes of different sizes dissolve in 
water, we will find that the smaller they are the faster 
they will disappear. The real reason is not so much 
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the actual size, but the relation of volume to available 
surface. To be explicit, the ratio of volume to sur- 
face of a cube of 3-cm. edge length would be 1:2; that 
of a cube with an edge length of 2 cm., 1:3; and with 1 
cm.,1:6andsoon. Therefore, this increased reactivity 
is tied up with the surface actually available. In 
other words, the surface of a substance is more reactive 
than its interior. Can we explain this? 

All matter is ultimately composed of ions, atoms, or 
molecules. These are held together by so-called va- 
lence forces. For example, we can picture a silver bro- 
mide crystal as composed of positive silver ions and 
negative bromide ions held together by electrostatic 
forces. If we take eight boys representing the positive 
ions and eight girls the negative ones, and arrange them 
as in Figure 5, they represent one plane of a silver bro- 
mide crystal. The forces acting between them are 
represented by their outstretched arms and legs touch- 
ing each other. It becomes evident that the arms and 
legs of the two boys and two girls in the center will be 
connected, whereas those in corner positions will all 
have one arm and one leg still free, and those on the 
edge one arm or one leg. 

Going back to chemical terms, these positions are 
still in a reactive state in comparison to the interior. 
This explains the importance of surface development in 
the light of chemical reactivity and the justification 
for speaking of colloid chemistry as the chemistry of 
surfaces and surface reactions. Besides this, we find 
that many phenomena and reactions are caused by or 
take place in surface or boundary layers of colloidal 
dimensions, thus being rightfully listed under the 
general heading of colloid chemistry. Colloid chemistry 
and physics are those branches of natural science which 
embrace the study and evaluation of those phenomena 
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specifically associated with matter present in at least one 
dimension in the colloidal range. 

To offer an example for a typical boundary reaction 
let us take some water and gasoline. If we shake these 
two liquids together we form what is known as an 
“emulsion.’’ However, as soon as we stop agitating, 
the emulsion ‘‘breaks” and the two liquids, having dif- 
ferent specific gravities (densities), separate into two 
layers (Figure 6 (a)). Now let us add a few drops of a 
soap solution and repeat our shaking. After a short 
time a milky fluid will result which, even after agitation 
has ceased, remains unchanged. 

We have now formed a stable emulsion of gasoline 
in water. What causes this stability? Obviously it is 
the soap, which therefore is termed an “emulsifier” or 
“emulsifying agent.” But how does it do this? Soap 
in its simplest form is a molecule composed of a fatty 
acid salt—for example, the sodium salt of oleic acid. 
The hydrocarbon end of the molecule has an affinity for 
oil, but not for water. The sodium ion exhibits ex- 
actly opposite properties; it has an affinity for water 
but not for oil. We can schematically picture such a 
soap molecule as shown in Figure 6 (6). Because of 
this double nature, soap molecules in contact with 
water will have a tendency to concentrate on its sur- 
face so that the water-heating organic acid radical can 
extend out into the surrounding air (Figure 6 (c)). 

However, if we emulsify gasoline or any other or- 
ganic liquid which has an affinity for the fatty acid, in 
water, the soap molecules line up at the interface be- 
tween the gasoline droplets and the surrounding water 
in such a fashion that their sodium ends are in the water 
and their hydrocarbon chains in the gasoline or oil 
(Figure 6 (d)). This fence-like coat of colloidal thick- 
ness prevents the droplets from getting into close con- 
tact and uniting. They remain emulsified. 

Some colloids have a great affinity for water or other 
liquids. Glue, if placed in water, will swell to many 
times its original volume. It forms a gel or jelly, and 
if enough water is added it will eventually form a solu- 
tion or simply a sol, as the colloid chemist terms it. 

Rubber is not affected by water but will behave like 
glue if placed in an organic solvent such as benzene. 
Such colloids are termed “‘lyophilic,’”’ this term being 
derived from the old Greek expressions “liquid’’ and 
“to like or love.’’ Colloidal gold, as mentioned pre- 
viously, and other metal colloids, colloidal sulfur, etc., 
have no affinity for water and stay in suspension, be- 
cause of the smallness of their particles and the fact 
that they frequently carry electric charges on their sur- 
faces, preventing too close an approach to each other. 
We call them ‘“‘lyophobic’’ because they dislike the 
_ liquid in which they are suspended or dispersed. If 
we cause this charge to be neutralized or if the particles 
are discharged, they cluster together and coagulate. 
Milk to. which an acid has been added exemplifies this. 
' But if we add an acid to a solution of glue or gelatin, 
no immediately noticeable change will take place. 
However, if we add alcohol or another substance which 
takes up water readily, the gelatin coagulates. In both 
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cases we have deprived the colloid of its stability-con- 
trolling factors. 

There is one more factor which makes the colloidal 
state of matter so important. When an architect 
hands to the contractor his drawings and plans for the 
construction of a brick house, the contractor figures out 
the number of bricks he will need. He is not interested 
in the number of clay particles which make up a brick, 
and he is even less interested in the number of oxygen, 
silicon, and aluminum atoms which constitute the 
basic elements of clay. He is only interested in the 
brick and its mechanical properties. He knows that 
the same brick cd4n be used to build different kinds of 
houses; the brick itself is the contractor’s building unit. 

For those of us who live with our eyes open, for those 
capable of carefully observing what happens around 
them, it is no secret that nature is the largest and at the 
same time most economical contractor. Nature, too, 
first makes her bricks and then stacks them together 
to build structures. As varied as they may be in 
their outward appearance and in their properties, 
they frequently are composed of the same type of 
“brick.” This may be a cell of an animal or vege- 
table tissue, a cellulose or rubber molecule, a combina- 
tion of silicon, oxygen, and aluminum, etc. Depend- 
ing upon the way nature pieces them together, we may 
have to deal with a human hair or a horse’s hoof, 
sheep’s wool, natural silk, or a human muscle, with the 
tough skin of an elephant or the tender tissue of our 
lips, with the wood of an old oak or the fine fiber of 
cotton, with natural rubber, mainly known for its elas- 
tic properties, or with gutta-percha, which exhibits a 
high degree of plasticity, with kaolin or mica, talc, 
portland cement, or the clay we dig up in our own back 
yards. 


FATTY ACID 
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All the organic substances mentioned are basically 
composed of carbon, hydrogen, and oxygen. But it is 
the combination of these elements into molecules and 
molecular aggregates which makes the “bricks.” 
Since these bricks are colloids in the true sense of the 
definition the importance of colloids and the knowledge 
of the phenomena which characterize this state of 
matter become evident. 

On the basis of what we have so far discussed, it 
would seem unnecessary to elaborate further on the 
importance of colloids in our daily life. However, the 


purpose of this article is not only to offer a brief, simple, 
but at the same time precise introduction into the 
realm of colloids, but also to induce the reader to think 
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in these new terms and learn to understand colloidal 
phenomena as we encounter them daily. Therefore, 
we will close by discussing a limited number of such 
colloidal phenomena as the average citizen is bound to 
encounter in the course of a day. 
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FIGURE 7 


The soap we use to wash with is presumably the first 
colloid we meet on our day’s trip. When brought in 
contact with water it forms a sol. Its molecules ad- 
sorb on the surface of the dirt particles just as they 
lined up at the surface of the oil droplets in an emul- 
sion. This pushes the dirt particles away from the 
skin, which gets a similar coat of oriented soap mole- 
cules (Figure 7) and we can rinse the dirt off. 

Ouch! I guess shaving did not go too smoothly to- 
day. I got up late and was iu too much of a hurry. 
Now the blood is running down my cheek and it will 
not stop! What should Ido? I must get to school on 
time. Does not blood react like milk? It coagulates 
upon addition of acids or strong salts or powerful dehy- 
drating age:its because it is composed of lyophilic as 
well as lyophobic colloids. Alum is a very strong salt 
and readily soluble in water, but it is not strong enough 
to damage our skin as acids would do. Hold an alum 
crysta! ver the cut for a few seconds and bleeding will 
cease The blood has coagulated in the cut, prevent- 
ing further flow, and the skin can now build new cells 
anc heal the wound. 

Our clothing, whether it be made of wool, cotton, or 
linen fibers, is built of colloids. This is also true of 
silk hosiery, rayon stockings, rayon fabrics, or nylon 
hosiery, which have been made possible only by learn- 
ing a few of nature’s tricks in piecing bricks together 
in the right way. 

In a tree, or in cotton, the cellulose units are lined 
up to form threads. We have learned to disintegrate 
wood and form solutions in which the individual units 
of colloidal dimensions are dispersed. We- have 
learned to squirt these solutions through very fine 
openings and join the cellulose units together to form a 
thread at the same time (Iigure 8). This is how rayon 
is produced. 

Silk is a naturally occurring protein. The silk worm 
orients the bricks or building units when he spins. 
Nylon is a man-made product of protein-like composi- 
tion. Its building units can also be oriented by ex- 
trusion or stretching. Wool is a natural protein with 
oriented building units; casein, the protein colloid 
which is the stabilizing (emulsifying) agent of cows’ 
milk has unoriented “bricks.” By making a casein 
sol, squirting it into a de-watering medium and orient- 
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ing the bricks in their coagulated form by stretching 
the thread, an artificial protein fiber exhibiting some 
resemblance to wool can be obtained (casein wool). 

Our meals are full of colloids and their preparation is 
based on many colloidal phenomena and properties. 

The baking of bread consists of a whole series of 
colloidal reactions, including swelling and gel formation 
due to the proteins (gluten) present in the dough, the 
de-watering stage by the action of colloidalized starch 
in the dough, etc. 

Our cereals are typical colloids; milk—an emulsion 
of butterfat in water—is, as has been mentioned, sta- 
bilized by colloids. 

If we want to obtain a strong beef broth we place 
the raw meat in cold water and raise the temperature 
very slowly. This permits the valuable water-soluble 
proteins and mineral salts to be leached out. In con- 
trast thereto, a juicy steak calls for high temperatures 
in the absence of water to start with. This causes 
spontaneous coagulation of the proteins and clogging 
of the pores before excessive leaching has occurred. 
Jelly puddings consist of flavored lyophilic colivids 
like gelatin, pectin, Irish moss extracts, and the like. 

Let us get out of the house, away from the dinner 
table. If we have had too much to eat we might 
swallow a charcoal tablet. It adsorbs those excess 
acids and gases which cause discomfort, and makes 
them harmless during the process of digestion. 

The tires on our car remind us that rubber is one of 
nature’s most important colloids in the daily life of 
Our concrete highways are the re- 
sult of a very complex surface reaction causing the ce- 
ment powder to react with water and set to a solid. 

We pass our water works and learn that our water is 
purified by colloidal principles. We find that the smoke 
from the stacks of large factories no longer darkens the 
sun, since we have learned that the colloidal particles 
constituting the smoke are electrically charged, and if 
discharged can be removed before leaving the stack. 
We observe that the sun is a reddish color on a foggy 
or smoky day. This is caused by the diffraction of the 
light as it passes through the atmosphere filled with 
suspended liquid or solid particles of colloidal dimen- 
sions. 
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A visit to a moving picture theater again reminds us * 
of Faraday’s historic experiment. The strip of film 


which runs through the projector is a colloid, namely 
cellulose. 


| 
| 
~~ 
ULL 
4 


DeEcEMBER, 1941 


We have spent a full day and we feel it. We are 
tired and ready for a good night’s rest. Although we 
are not yet in a position to offer a fully satisfactory ex- 
planation as to why we feel tired or full of pep, we do 
know that our body, with the exception of our bones, is 
composed largely of colloids and therefore is subject to 
colloidal reactions and phenomena. The formation of 
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gels, their transformation to sols, or vice versa, sur- 
face reactions, phenomena of adsorption, coagulation, 
and re-dispersion in the lyophilic protoplasma of our 
body’s cells—all these are the most striking evidence 
of the importance in our daily life of this Lilliput of 


matter. It 7s life itself! 


LETTERS 


An Organic Demonstration 


To the Editor: 


Most organic reactions are not adaptable for class- 
room demonstrations because they are time-consum- 
ing and require considerable care to insure their success. 
In our study of the nitroparaffin derivatives, we have 
discovered a reaction which does not present these dif- 
ficulties, and which is well suited for a classroom demon- 
stration. It is the reaction of 2-amino-2-methyl-1- 
propanol with 2-ethylhexaldehyde. 

Eighty-nine grams of 2-amino-2-methyl-1l-propanol 
(one mol), m. p. 32° and b. p. 165°, and 128 g. of 2- 
ethylhexaldehyde (one mol), b. p. 164°, which has been 
cooled to 20°, are placed in a 250-ml. separatory fun- 
nel, and the mixture is shaken until homogeneity is at- 


tained. The temperature of the mixture at this point 
will be 20°-25°. The funnel can then be placed on a 
ring stand. The temperature of the solution will rise 
slowly and in about three minutes it will reach 55°-60°. 
At this point the solution will suddenly become turbid, 
and water will commence to separate as a lower layer. 
The reaction will be complete in about 15 minutes. 
The top layer will weigh about 198 g. and will consist 
of about 195 g. of 4,4-dimethyl-2-(3-heptyl)oxazolidine, 
b. p. 89°-90° at 4 mm., and 2-3 g. of 2-ethylhexalde- 
hyde. The aqueous layer, about 19 ml., will contain 
about 17.5 g. of water and 1.5 g. of 2-amino-2-methyl-1- 
propanol. 
Murray SENKUS 
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SIXTH ANNUAL SYMPOSIUM, DIVISION OF PHYSICAL AND 
INORGANIC CHEMISTRY OF THE AMERICAN CHEMICAL SOCIETY 


“RECENT DEVELOPMENTS IN THE CHEMISTRY OF THE NON-METALS” 
Hotel Fort Hayes, Columbus, Ohio, December 29-31, 1941 


TEACHERS and others who wish to keep abreast of the times 
in the developments of chemistry and chemical technology will be 
interested in the symposium on “Recent Developments in the 
Chemistry of the Non-metals.’’ This symposium is sponsored 
by the Division of Physical and Inorganic Chemistry of the 
American Chemical Society and is being held in Columbus, Ohio, 
December 29-31, 1941. In addition to their regular rooms, 
the Hotel Fort Hayes has arranged special dormitory accommo- 
dations at very reasonable rates to make the symposium espe- 
cially attractive to students. For further information consult 
recent issues of the News Edition of the American Chemical 
Society or write to W. C. Fernelius, Department of Chemistry, 
The Ohio State University, Columbus, Ohio. 


PROGRAM 


Monday Morning, December 29 
H. F. Jounstone. Sulfur Dioxide as a Raw Material. 
J.R. Bricut. Reactions in Liquid Sulfur Dioxide. 
A. W. Hinson ann A. H. Tenney. Salt Cake and Chlorine 
from Salt and Sulfur. 


Monday Afternoon, December 29 
M. E. Cupery AND W.E.Gorpon. Sulfamic Acid—An Indus- 
trial Review. 
C. R. McCrosky. Recent Developments in the Chemistry of 
Selenium and Tellurium. 
G. R. WAITKINS AND R. S. SHuTT. 
Selenium and Tellurium. 


Industrial Utilization of 


A. L. Moxon. The Selenium Problem in the Great Plains. 


Tuesday Morning, December 30 
E. P. PartripGe. Molecularly Dehydrated Phosphates. 
H. ApLeR, W. H. Woopstock, AND R. N. BELL. Some Phos- 
phate Complexes. 
R. F. AupRIETH, R. STEINMAN, AND A. D. F. Toy. 
Phosphonitrilic Chlorides and Their Derivatives. 
C. F. Nitriding of Steel. + 


Tuesday Afternoon, December 30 
Inspection trip to Battelle Memorial Institute and to the 
laboratories of The Ohio State University 


The 


Wednesday Morning, December 31 
P.M. McKenna. Hard Metal Carbides. 
W. C. Scuums. Halides and Oxyhalides of Silicon. 
A. W. LAUBENGAYER AND A. E. NEWKIRK. Progress in the 
Preparation and Determination of the Properties of Boron. 
H. S. Bootu aNp D. R. Martin. The Codérdinating Power 
of Boron Trifluoride. 


Wednesday Afternoon, December 31 
J. L. Hoarp. Structures of Complex Fluorides. 
J. F. Wurte, M. C. Taytor, G. P. VINCENT. 


istry of Chlorites. 
G. F. Smit. The Manufacture of Perchlorates and their 


The Chem- 


Industrial Applications. 


Out of the Editors Rashet 


iB THE discussion of Professor Hoover’s paper at 

the recent Atlantic City Meeting on the curriculum 
in chemistry in liberal arts colleges (see page 560), at- 
tention was called to a prevalent idea which may prove 
to be erroneous. The statement is often heard that 
the inadequacy and inefficiency of many small and 
poorly equipped colleges have thrown a burden of un- 
employed men upon the chemical profession. It was 
claimed, on the contrary, that a survey of the registra- 
tion of the Chemist Advisory Council and its predeces- 
sor, the New York Committee on Unemployment, 
shows that relatively few unemployed chemists came 
from the small colleges. The several thousand who 
came to this agency for advice represented a fair cross 
section of educational institutions. Apparently, very 
few graduates of the weaker and less well-equipped 
colleges ever take enough chemistry to qualify for any 
sort of chemical job, and the exceptional man usually 
manages to overcome any handicaps he may have. 
W. T. Read, of Rutgers University, expressed the 
opinion that the better liberal arts colleges, which give 
a limited amount of chemistry, do an excellent job as 
far as they go, and they encourage their best graduates 
to take additional university training before attempting 
to enter the chemical profession. 


e@ E. Edward Johnson, of Omaha, Nebraska, sends us a 
description of an inexpensive microdistilling flask, 
shown in the illustration. The body of the ‘‘flask” 
consists of a test tube, cut off and drawn out; the con- 
denser is a piece of tubing with two right-angled bends 
and one end flared slightly, so as to just fit over the 
mouth of the “‘flask’”’ (at A) with a connecting piece of 
rubber tubing. If well made, this joint can be as ef- 
fective as a ground glass one. Samples are removed 
from the condenser by means of a fine pipet. 


INEXPENSIVE MICRODISTILLING FLASK 


@ There is an interesting and instructive article on 
“The Birth of Modern Chemical Nomenclature’ to be 
found in The Laboratory of the Fisher Scientific Com- 
pany (Vol. 12, No. 5). 


@ This month the recent articles by Otto H. Miiller 
on “The Polarographic Method of Analysis’ will ap- 
pear in book form as Number Two in the new series of 
Contributions to Chemical Education. For those who 
are especially interested in this field we would also call 
attention to a “Bibliography of the Polarized Dropping 
Mercury Electrode” just issued by Leeds and Northrup 
Company. 


@In an article entitled “Another Buggy Age?’ the 
Industrial Bulletin of Arthur D. Little, Inc., discusses 
possible effects of the present time of stringency upon 
the operation of our automobiles. The first is, of 
course, the adequacy of fuel supply. Since this de- 
pends upon so many factors and contingencies it must 
remain uncertain. Then there is the threat to the 
quality of fuel. Presumably, this could go no further 
than the elimination of premium grades, from diversion 
to military and other uses. Rubber is perhaps next 
most important. While present imports are above nor- 
mal they may at any moment be severely cut. Syn- 
thetic rubber production is increasing but it is too small 
to supply civilian needs during a war emergency. 
Retreading is advocated as an economical practice, 
by way of insurance, which has long been recognized 
by operators of trucks and buses. The supply of anti- 
freeze brings up the problems of the chemical industry. 


The output of methyl alcohol will very likely be en- 


tirely absorbed in the defense industries and the raw 
materials for ethylene glycol will probably go the 
same way. Ethyl alcohol, while under priority con- 
trol, may be relatively more important as an anti- 
freeze this year than ever before. Plans for the pro- 
duction of 50 million gallons of industrial alcohol in 
whiskey distilleries give some hope of an adequate 
supply. There is no indication of shortage of replace- 
ment parts, but better care and lubrication are em- 
phasized, nevertheless. Refinishing, with an adequate 
supply of nitrocellulose lacquer, may become more 
fashionable. 


@ In view of the article in this issue on ‘‘Modern 
Motor Fuels’ it may be especially appropriate to call 
attention to the new sound motion picture film, ‘“The 
Evolution of the Oil Industry,’ released by the Bureau 
of Mines. Inquiries and applications may be addressed 
to the Bureau of Mines Experiment Station, 4800 Forbes 
Street, Pittsburgh, Pennsylvania. 


@ Swift and Company have established a series of 
fellowships for research in nutrition. The fellowships 
are intended to aid the federal government in its long- 
range national nutrition program. They provide for 
special research to be undertaken in laboratories of 
universities and medical schools with funds which the 
company has set aside as grants in aid. 
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@ Whatever we may think about its advisability, 
theoretical or practical, the utilization of graduate 
students for purposes of regular instruction is an ex- 
pedient to which most of our colleges and universities 
are driven, especially in chemistry. It seems that at 
the University of Wisconsin the implications of this 
situation are frankly recognized and that four depart- 
ments (of which Chemistry is not one) have arranged 
for graduate credit in education for some of the work 
done by teaching assistants. As a result of the organ- 
ization and control of this plan teaching assistantships 
are sought after, not only for the stipends they carry, 
but also for the valuable experience they afford in ap- 
prentice teaching. Students realize that a professor is 
in a better position to make recommendations for col- 
lege positions if he has actually seen the candidate at 
work. Accordingly, although student teaching of 
this kind is not a requirement for the Ph.D. degree, 
nearly all doctoral candidates serve as assistants at one 
time or another if they can get the appointments. 
Questions about this program should be addressed to 
C. J. Anderson, Dean of the School of Education, Uni- 
versity of Wisconsin, Madison, Wisconsin. 


@ We recently noticed a description of the Westing- 
house “Precipitron’’ cells, which apply to domestic 
and industrial air conditioning the principle of the 
Cottrell Precipitator, well known for the removal of 
dust and smoke from flue gases. The units are fairly 
small and may be used singly or in multiple. The air is 
drawn between plates charged electrostatically, upon 
which the dust particles are deposited. Besides re- 
ducing cleaning and maintenance costs, the Precipi- 
trons are expected to prevent valuable records from be- 
coming yellow and brittle due to the presence of sulfur 
particles in the air. 


@ We recently received a copy of a Peruvian periodical, 
the Revista Farmaceutica. After struggling through an 
article on dietary deficiencies in student boarding 
houses (which consisted mostly of general sociological 
pessimism and had little to do with students or their 
troubles) we turned to the advertisements and were 
immediately struck by something which gave us to 
think. In the twenty-eight pages of the journal there 
were six full pages advertising German firms or prod- 
ucts, a little less than one page of Japanese advertis- 
ing—and one quarter-page ad of an American product 
retailed by a Peruvian agent. Maybe our budget for 
Hemisphere Defense should contain an item for ad- 
vertising and subsidy of South American trade 
journals. 


@ The U. S. Office of Education has issued a bulletin 
on ‘Educational Research Studies of National Scope 
or Significance.’ Those interested in edugational re- 
search in higher institutions will find it worth while, 
for its bibliography as well as for itself. 
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@ In the announcement of the completion of the new 
analytical laboratories of Merck and Company we 
were impressed by some points which have an impor- 
tant implication in chemical education. We should 


A Group oF CHEMISTS MAKING CONTROL TESTS IN THE MERCK 
ANALYTICAL LABORATORIES 


take every such opportunity to observe what industry 
expects of its chemists, in order that our students shall 
be fully prepared for it. For some years in their work 
with vitamins, Merck chemists have found it necessary 
to use and, in some cases, further develop the most ad- 
vanced methods and equipment for determining ex- 
actly the physical nature, chemical formula, quality, 
strength, and other standards with regard to a host of 
organic materials. Not only chemical methods but 
physical and optical procedures are employed. In 
modern organic synthesis, very small samples must be 
analyzed to determine molecular constitution. Purity 
and identity of drugs and products which pass through 
the control laboratory must, in many instances, be 
established by the same highly refined analytical pro- 
cedure which is used in the most advanced organic re- 
search. This represents a tremendous evolution from 
the old-time test laboratory. The illustration shows 
the manner in which these new daboratories are being 
furnished. The cross-shaped desk, with central hood 
and fluorescent lighting, is an attractive unit. 


@It appears that the country’s abnormal situation 
caused by defense activities has not affected enrolment 
in the nation’s 650 junior colleges as severely as had 
been expected, according to the American Association 
of Junior Colleges. Enrolments in public junior col- 
leges show an average drop of only 10 per cent from 
those of last year, while in private junior colleges there 
has been an increase of nearly one per cent. It has 
also been noted that technical, scientific, and short 
business courses are in greater demand. One adminis- 
trator comments: “We notice a pronounced swing from 
the so-called cultural subjects to the scientific and vo- 
cational.” 
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@ One of the novel applications of plastics is the con- 
struction of a non-spillable storage battery unit for use 
in portable radios. The container consists of poly- 
styrene and is transparent, as the accompanying illus- 
tration shows. This makes possible a quick check on 


Courtesy of Modern Plastics 


POLYSTYRENE BATTERY CONTAINER FOR PORTABL 
RapDIOos 


the electrolyte level. The unit also contains a built- 
in automatic charger and a simplified charge indicator 
consisting of three different colored balls floating in 
the container. The non-wetting character of the poly- 
styrene surface keeps the solution from spreading or 
creeping up the side of the container and escaping 
through the vent-hole. 

Another similar, but very much smaller battery, 
with a polystyrene container, is built to furnish power 
for the Acousticon and Sonotone Hearing Aid Instru- 


ments. 


@ We like the following, reprinted from The B. C. 
Teacher: 


I Str. Don’t KNow 


Proressor: I once heard a man say that the more you learn 
the less you know. What do you think about that, Mr. Coch- 
rane? 

I: I agree with him. 

ProFessor: Then what are you doing here? 

I: That’s what I’m trying to find out. 

That was years ago. Since then I have taken more courses 
than I can remember the names of, and an unbroken streain of 
successful examination-passers has flowed through my classroom. 
And still, the more I learn the less sure I am that I know anything; 
and I am still trying to find out what the children are doing in 
school, and what the school is doing to them. 

Once I was given extra time with a class of eight students, and 
allowed to teach them some real chemistry. I talked and did 
experiments; they listened, and did their homework if they felt 
like it. Soft pedagogy of the worst kind, according to the books. 
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But now, one of them is a research chemist working toward his 
Ph.D., one is a chemical engineer, and two are doctors. One fell 
from grace and became a writer of fiction, and the other three 
forgot their chemistry and became respectable citizens. So I 
know now what I did to that class; I think it was a 50 per cent 
success. 

But the only thing that appeared at the time was that one of 
them only got 57 marks in Matriculation chemistry, so I was 
admonished to get better results next time. Accordingly, I 
crammed the next class for the examination. Their numbers 
diminished to three, but their lowest mark in chemistry was 90. 
I account that my greatest failure, because none of them ever 
looked at a test tube again. 

I know how to make the first kind of class, but the course does 
not allow time for it. I know how to make the second kind, but 
selectivism is out of fashion. What am I doing to the much larger 
classes that Ii ave now? I don’t know. 

Furthermore, I wish that some reader of The B. C. Teacher 


would tell me! 
—DOonaLp CocHRANE, Ocean Falls 
Maybe some reader of the JOURNAL OF CHEMICAL Epu- 
CATION would like to tell him. 


@ The idea that new materials, such as plastics, syn- 
thetic rubber, or textiles, are substitutes for older ones 
has long since passed out of date. Rayon, for example, 
is no longer regarded as artificial silk but has a market 
entirely its own. Plastics are similarly finding their 
own uses, dependent upon their own peculiar proper- 
ties, even though much is now being made of their sub- 
stitution for metals in many cases. A case of this is in 
the use of molded plastics in the construction of fan 
blades for air coolers. Here they are not a mere sub- 


‘stitute for metal blades, but their corrosion resistance 


and light weight make them especially desirable. In 
the same manner, it has been pointed out that the 
specific properties of synthetic rubber will open new 
fields for its uses, and the question of its ability to 
compete with natural rubber on a cost basis will be a 
secondary consideration when weighed against the 
special services which the man-made product can 
render. It is reported that the B. F. Goodrich Com- 
pany alone, by the end of 1942, expects to reach a pro- 
duction capacity of 17,000 tons a year of synthetic 
rubber (Ameripol), which can be compared with the 
20,000 tons a year which Nazi Germany is said to have 
attained at the outset of the war after years of effort. 


® Maurice Holland, the director of the Division of 
Engineering and Industrial Research, of the National 
Research Council, is quoted as having said recently: 


“Top executives and industrial banking and financial interests 
now view research as the insurance policy for industrial prog- 
ress. It is fortunate at this critical time that many concerns are 
finding it possible, under the current tax laws, to finance increased 
research effort at a lower net cost than has previously been pos- 
sible. Property rights in the form of patents on new products 
may thus be established which should be translatable into earn- 
ing power five years from now, when increased competition 
threatens. Today there are about seventy thousand research 
workers developed and seasoned by these war-time activities. 
This national resource should be preserved—insured for the 
national industrial life of the Nation—just as life insurance, social 
security, obsolescence of machinery, etc., are forms of insurance.” 
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RECENT BOOKS 


Mopern-Lire Frank O. Kruh and Robert H. Carle- 
ton, Summit High School, Summit, New Jersey, and Floyd F. 
Carpenter, Stivers High School, Dayton, Ohio. Edited by 
W. R. Teeters, Supervisor of Physical and Biological Sciences, 
St. Louis Public Schools. Second Edition. J. B. Lippincott 
Co., Chicago, 1941. xxv + 774 pp. 374 figs. 13.8 xX 20 
cm. $1.80. 

The outside impression of this book is not particularly favor- 
able. The thickness of the book is not likely to appeal to the 
student. The color scheme chosen for the binding seems rather 
delicate for a book designed to stand the hard usage to which a 
chemistry text will probably be put. The design on the cover 
does not strike the reviewer as particularly convincing sales talk 
for a chemistry book. 

Inside, the book is more attractive. The type is large, clear, 
and easy to read, perhaps on account of good contrast between 
the heavy ink and the white paper. The illustrations are 
numerous and excellent. The equations and tabular matter 
are well set up. Bold-face type is judiciously used and not 
overdone. 

A text with the same title and by the same authors was pub- 
lished in 1937. The reviewer has hunted in vain for some state- 
ment in the book under review to show whether it is a new edition 
or an entirely new book. Because of the exact paralleling of 
the units by title and by page it looks as if the new book is simply 
a reprinting of the former in a new dress, and with the addition 
of a new chapter at the end. 

A review of the 1937 edition appeared in J. Cuem. Epuc., 
14, 449-50 (1937); with this the present writer is in essential 
accord and to it the reader is referred. It therefore seems wise 
simply to point out some differences noted. 

“The chemist’s work is never done,” the opening sentence of 
the new and final chapter entitled ‘‘Chemistry Marches On,”’ is 
the keynote of 40 pages of most interesting reading on (1) recent 
chemical contributions to health, safety, home, conservation, 
and national security, (2) recent developments in plastics and 
synthetics, and (3) a brief glimpse into the future of chemistry. 
This chapter may serve as background and inspiration to the 
teacher rather than as a lesson assignment to the pupils, but in 
either case 12 pages of up-to-the-minute illustrations enhance its 
value greatly. 

The reviewer cannot close without registering his disappoint- 
ment that the authors did not adopt the recommendations of 
the Committee on Labels of the Division of Chemical Education 
in regard to the more logical way to indicate the number of 
molecules of water of hydration in hydrated salts. Had they 
done so they would have avoided that awkward equation for 
action of heat on gypsum (page 480) that has bothered so many 


authors—and students too. 
WILHELM SEGERBLOM 


EXETER ACADEMY 
EXETER, New HAMPSHIRE 


EXPERIMENTS IN GENERAL CHEMISTRY. H. W. Stone, Associate 
Professor of Chemistry, M. S. Dunn, Associate Professor of 
Chemistry, and J. D. McCullough, Instructor in Chemistry, 
University of California at Los Angeles. Third Edition. 
McGraw-Hill Book Co., Inc., New York City, 1941. viii + 
277 pp. 29figs. 28cm. $1.60. 

The third edition of this well-known laboratory manual is, ac- 
cording to the authors, the result of seventeen years of develop- 
ment, and is intended for use with any standard textbook. 

The authors have purposely omitted many conventional ex- 
ercises which duplicate lecture demonstrations ordinarily used, 
and have substituted others involving measurable results and re- 
quiring interpretation by the student. As a result, in general 
the exercises involve chemical principles, preparations, and quali- 
tative or quantitative determinations. ‘ 


Of these exercises, the authors regard those illustrating chemi- 
cal principles as particularly suited to students majoring in 
chemistry or allied sciences, and those involving applications of 
these principles as particularly suitable for students with cul- 
tural aims. 

Of the forty-two assignments, twenty-four involve measure- 
ment significantly and four a simple qualitative determination. 
For each assignment, printed data and problem sheets are in- 
cluded, which can be removed, handed in, and filed in a loose- 
leaf binder. The data sheets are designed to instruct the student 
in systematic observation and recording, and the problem sheets 
to eliminate the necessity for essay type reports, without reduc- 
ing the logical thinking done by the student. 

In this new edition, the assignments on chemical applications 
are largely unaltered, new experiments and changes appearing 
mainly in exercises involving chemical principles. 

The manual is divided into seven parts, as follows: Part I. 
General Experiments—Gas Burner, Glass Working, Properties 
of Substances, Melting Point, Density, Temperature and Change 
of Physical State, Effect of Concentration, Surface Catalyst, 
and Temperature on Rate of Reaction. Part II. Atomic 
Theory. Weight Relations—Water in a Hydrate, Percentage 
Composition, Combining Ratio, Analysis and Formula Deter- 
mination. Part III. Atomic Theory. Volume Relations— 
Temperature, Pressure, and Volume Relations of Gases, Gram 
Molecular Volume, Gram Molecular Weight, Molecular Weight 
of an Unknown Gas, Equivalent Weight. Part IV. Solu- 
tions—Influence of Temperature on Solubility, Fractional 
Crystallization, Ionization, Acids, Bases, and Salts, Molar and 
Normal Concentrations, Equivalent Weight of an Unknown 
Acid, Reversible Reactions and Equilibrium, Indicators, Ioniza- 
tion Constant. Part V. Oxidation and Reduction—Elec- 
tromotive Series, Standardization of Potassium Permanganate 
Solution, Equivalent Weight of an Unknown Reducing Agent, 
Chemistry of Iron, Photochemistry. Part VI. Chemical 
Principles and Their Practical Applications—Grouping of Ele- 
ments According to Properties, Gas Analysis, Fractional Dis- 
tillation (Petroleum Products), Preparation of Ethyl Alcohol, 
Percentage of Organic Acids in Vinegar, Softening Hard Water, 
Qualitative Analysis of Baking Powder, Percentage of Carbon 
Dioxide in Baking Powder, Preparation of Potassium Alum from 
Soil, Qualitative Analysis of an Unknown, Preparation of a 
Selected Inorganic Substance, a Problem of Chemical Control 
or Manufacture. Part VII. Appendix—Reference Literature, 
Reagents and Apparatus, Calculations, Graphic Representation, 
Laboratory Operations, First Aid, Tables of Data. 

The manual is sound and well arranged, directions are clear 
and complete, the figures are excellent, and the whole is printed 
clearly on good paper. ? 

Any student who conscientiously completes the work out- 
lined in this manual should have an enviable foundation for sub- 
sequent courses in chemistry. 

LotTHROP SMITH 


STATE UNIVERSITY OF IOWA 
Iowa City, Iowa 


CuemicaL ARITHMETIC. Saul B. Arenson, Professor of In- 
organic Chemistry, University of Cincinnati. Second Edition. 
John Wiley and Sons, Inc., New York City, 1941. ix + 130 
pp. Q9figs. 14 X 21.5cm. $1.50. 

The second edition, as stated in the preface, contains approxi- 
mately fifty per cent more problems than the first edition (1931). 
New types of exercises, with a ‘‘simpler approach in many cases,” 
are presented. A large part of the original edition has been re- 
written. 

The contents of the book, as indicated by the eight chapter 
headings, are as follows: Introduction; Units and Their Conver- 
sion Factors; Atomic and Molecular Weights; Gas Laws; Weight 
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and Volume Relationship; Normal Solution; Balancing Equa- 
tions; Graphical Representation; Logarithm Tables; Index. 

The author’s aim in presenting this book is to provide the 
student with a clear explanation and solution of all of the com- 
mon types of calculations of general chemistry and much of the 
field of quantitative analysis. Over four hundred carefully 
selected problems, affording intensive drill work in the applica- 
tion of principles, are included in the book. 

Some noteworthy features of the book are: (1) discussion of 
the significance of the decimal point, and ‘‘code answers” which 
require the student to check the accuracy of his calculations, 
e. g., 2.23 per cent of 183—code answer, 408 (page 5); (2) prob- 
lems ‘‘to be solved by inspection” (page 63); (3) heats of reaction 
(page 66); (4) in balancing oxidation-reduction equations by 
the valence change method, ¢. g., a metal with nitric acid, the 
formula for nitric acid is written twice to indicate that which is 
reduced and that which is not reduced (page 110); (5) an excel- 
lent treatment of the methods of “graphical representation’’ 
(Chapter 8) which fills a long felt need. 

Experienced teachers may find the conventional method of 
solving problems involving the gas laws by the common equation 
PY 

as outlined by the author, less desirable than methods which 
involve only direct reasoning from the gas laws. The author 
makes good use of the direct reasoning methods, as contrasted 
with so-called formula methods, in his treatment of weight and 
volume relationships (e. g., page 65). A more extensive applica- 
tion of ‘‘mol fraction” (page 58) would perhaps be welcomed by 
some instructors. In this connection, the title of Chapter 9, 
‘“‘Normal Solution,’’ would be more comprehensive if it were 
‘‘Molar and Normal Solutions.”” The inclusion of problems on 
gravimetric and volumetric analysis and the exclusion of prob- 
lems on the mass law, ionic equilibria, etc., will be a disappoint- 
ment to teachers of qualitative analysis. 

The frequent usage of the terms, “you,” ‘‘the student,” ‘“‘a 
warning,”’ etc., should hold the attention of the student and add 
interest to material which, in more conventional style, would 
appear to be dry reading, at least for some students. The text 
appears to be remarkably free from errors, The reviewer, 
however, did not check the numerical answers to problems. 

Teachers of general chemistry are indebted to the author for 
presenting in this book the material developed from his extensive 
teaching experience, and will find it very helpful both as a ref- 
erence in limited courses and as a required text, where sufficient 
time is available to do extensive work in chemical arithmetic. 

A. J. CURRIER 


PENNSYLVANIA STATE COLLEGE 
State COLLEGE, PENNSYLVANIA 


ELEMENTARY GENERAL CHEMISTRY. John C. Hogg, M.A., M.C., 
Chairman, Science Department, The Phillips Exeter Academy, 
and Charles L. Bickel, Ph.D., Instructor in Chemistry, The 
Phillips Exeter Academy. D. Van Nostrand Co., Inc., New 
York City, 1941. x + 603 pp. 197 figs. 13.7 X 21.5 cm. 
$2.12. 

As indicated by its title this book is a text for beginning stu- 
dents in chemistry at the high-school level. The authors recog- 
nize the difficulties which beset the chemistry student and have 
attempted to smooth them out without removing them. They 
seek to make the book a challenge to the intellectual capacities 
of the pupil. 

The book is divided into two sections. The early chapters 
cover all of the topics listed as minimum requirements in the 
latest College Entrance Examination Board Syllabus. The later 
chapters deal with extension syllabus topics. It is the recom- 
mendation of the authors that, where possible, two years be de- 
voted to the chemistry course; in their text the first section of 
twelve chapters would constitute the first year’s work under such 
a plan. 

In selection and treatment of material this text occupies a 


JouRNAL OF CHEMICAL EpUCATION 


position about midway between the average high-school text and 
the typical college general chemistry text. The book is obviously 
designed for the use of pupils who seek a thorough basis in the 
principles of chemistry, and who plan to make active use of 
chemical knowledge in a professional way. Such topics as Le 
Chatelier’s principle, the ionization constant, and chemical cal- 
culations are treated in detail. The book obviously is not de- 
signed to teach chemistry from the standpoint of general educa- 
tion. One searches the index in vain for such items as photog- 
raphy, fertilizers, plastics, or colloids. 

The format of the book is attractive and it is well bound. Ex- 
cellent use has been made of charts and tables as teaching aids. 
The language used is clear and as simple as the subject matter 
allows. 

Directions for 161 teacher demonstrations are included at ap- 
propriate points in the text. In almost all cases the probable out- 
come of the demonstration is also stated. While this may be of 
value in case the demonstration is merely to be read, it definitely 
limits the appeal and teaching value of the demonstration as ac- 
tually performed. 

RoBeErt L. EBEL 


Eprson InstiTuTE HicH SCHOOL 
DEARBORN, MICHIGAN 


IDENTIFICATION OF PURE ORGANIC COMPOUNDS. TABLES OF 
DATA ON SELECTED COMPOUNDS OF ORDER I. Ernest Hamlin 
Huntress, Ph.D., Associate Professor of Organic Chemistry, and 
Samuel Parsons Mulliken, Ph.D., Late Professor of Organic 
Chemistry, Massachusetts Institute of Technology. John 
Wiley and Sons, Inc., New York City, 1941. xvii + 691 pp. 
15 X 23cm. $7.50. 

The present book is not merely a revision of Volume I of the 
late S. P. Mulliken’s ‘‘Identification of Pure Organic Com- 
pounds,” published in 1904. Itisin large part anewcontribution 
with significant differences in the mode of treatment and in the 
order of arrangement of subject matter. Other volumes will be 


_ published when ready. 


There are described tests for 1864 selected compounds of carbon 
and hydrogen, or of carbon, hydrogen, and oxygen, in place of the 
2300 of the 1904 edition. Selection has been made on the basis of 
interest, commercial importance, and possible commercial value. 
One notes particularly the great increase in the descriptive matter 
under each compound, and the very thorough documentation 
that was all but lacking in the original edition. About 7200 
literature citations are given and approximately 70 per cent of 
these represent work published since 1920. The majority have 
been examined in the original, and the tests themselves have been 
used in the laboratories of the Massachusetts Institute of Tech- 
nology for many years. 

Compounds are classified in nine genera on the basis of generic 
tests, applied in order until one is positive. Assignment toa divi- 
sion or section within a genus is made upon the basis of physical 
properties including specific gravity, and also on occasion by 
special tests. Substances within a genus are of course classified 
according to order of ascending melting or boiling points. The 
indexes of the book are excellent. A new feature is the inclusion 
of melting-point sequence tables of derivatives. 

This work will prove indispensable to the organic chemist, as 
was the original book by Mulliken. 

F. W. BERGSTROM 


STANFORD UNIVERSITY 
STANFORD UNIVERSITY, CALIFORNIA 


A TABLE oF Hazarpous CHEMICALS. Committee on 
Hazardous Chemicals and Explosives of the National Fire Pro- 
tection Association and American Chemical Society. Fifth 
Edition. National Fire Protection Association, Boston, 1941. 
28 pp. 15.3 X 23cm. $0.20. 

This pamphlet contains, in tabular form, the name, usual 
shipping container, fire hazard, life hazard, storage precautions, 
fire-fighting phases, and remarks concerning the common hazard- 
ous chemicals. , 
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Annual Index—Journal of Chemical Education 


VOLUME 18, 1941 


The annual index for Volume 18 of the JouRNAL oF CHEMICAL EpucaTION is divided into two parts—an 
Author Index and a Subject Index, each alphabetically arranged. Letters(Ar), (B), (C), (P), and (HS) have 
been used after the various items to designate, respectively: article, book review, correspondence, picture, and 
high-school notes. The sections, Out of the Editor’s Basket and What’s Been Going On, are not indexed as to 
subject material, but contributors to these sections have been listed separately at the end of the Author Index. 


A-A.A.S ComMitTTEE ON THE IMPROVEMENT 
OF SCIENCE INSTRUCTION FOR PURPOSES 
oF GENERAL L. W. Tay- 
LoR, Chairman, anv L. HEIL AND 
AEFER, Assistants. 
Chemistry instruction for purposes of 

general education (Ar) 


J. AND W. BuiTzsTeIn. A 
simple demonstrating ultramicro- 


Apams, E. L.—See ArtTuHuR, P. 

Apams, R. AND J. R. JOHNSON. Elemen- 
tary hernteey experiments in organic 
chemistry (B) 

Apxrns, H., S. M. McELvaIn, AND M. W. 
KLEIN. Practice of organic chemistry 


AprianI, J. The of anesthe- 
tic (B 
ALLEN, R 
ALYEA, H. 


The microsco 


The electron microscope ( 
The function of general chemistry (Ar).. 
Ames, M. U. Anp B, JAFFE oratory 

and workbook units in chemistry (B).. 
ANDERSON, F. A. Industry’s challenge to 
chemical education (Ar).........+... 
ANDERSON, V.—See Lone, J. S. 
ARENSON, S. B. arithmetic @)... 
involving photography 


Demonstrations vs. chemistry laboratory 
for freshman engineers (Ar 
Lecture demonstrations in general chem- 


ARTHUR, P., J. A. Burrows, O. M. Smit, 
AND E. L. Apams. Advantages of 
semimicro technic in teaching qualita- 
Ausry, A.—See Roux, U. 
AuDRIETH, L. F. AND M. J. Coptzy. The 


Avers R.G. Aids to inorganic chemistry 


BABOR, J. A. Discussion of the paper. 

(Courses in advanced inorganic chemis- 
P. W. SELwoop) (Ar).......... 
. C. DRuMMoND, 


Bart.ett, K. G.—See Evper, A. L. 
BECHTEL, ‘W. An improved apparatus for 
demonstrations with gases 
Bennett, H., The chemical 


C. L.—See Hoaa, J. C. 
Breretp, L. P. A useful chart for qualita- 
tive analysis (Ar 
Labels in calculations ty quantitative 
chemical analysis (Ar 
Separation of copper from cadmium with 
a in qualitative analysis 


Symbols or abbreviations? (C)......... 
Biecs, B. S. Steric hindrance in organic 


J. H. anp R. V. Casu. An elec- 
trical precipitator for — and dem- 


Brrcwer, L. A 
brief aon a laboratory experi- 
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AUTHOR INDEX 


Brack, C. E., III, AnD M. Dotz. Molecu- 
lar models with free rotation (Ar)... 


mae > M., Jr. Surface-active agents 
BurrzsTEIn, W.—See ABRAHAMS, H. J. 
Boorp, C. E., W. R. Brope, anp R. G. 

Bossert. Laboratory outlines and 


notebook for organic chemistry (B).. 
Booru, H. S. AND V. R. DAMERELL. Quan- 
titative analysis (B) 
BossERT, G.—See Boorp, C, E. 
Bowen, C. V.—See HEwWteTrT, J. P., JR. 
Brancu, G. Vn, K. anp M. Catvin. The 
theory of organic chemistry. An ad- 
ig course (B) 
Branp, C. J. A modern visit to Liebig’s 
Brawiey, D. A separation of 
copper and cadmium (Ar) 
Bray, J. L.—See Foros, J. T. 
BREWER, ‘ee —— in the study of 


Bropg, W. R. Boorp, C. 

eer L. G. S. Action of indicators 

Brown, H. C. anp M.S. KHARASCH. The 
reactive paraffins—an addition (Ar).. 

Brown, W. The atomic arrangement in the 
sulfur unit cell (Ar) 

Brown, Z. The library key. An aid in 
using books and libraries (B) 

Browne, C. A. Lecture and laboratory 
notebooks of three early Irish-Ameri- 
can refugee chemists, William J. Mac- 
neven, John P. Emmet, and Thomas 


The first high-school chemistry labora- 
tory? (C) 
Browne, F. L.—See SUTERMEISTER, E. 
BUNDERMAN, W. Q. Preparing dry am- 


Bunpy,R. D. How to teach a job (B).. 
Burcer, A. Some problems of chemo- 

Burns, R. M. anp A. E. Scuun. Protec- 


Burret, R. C. anp A. C. WoLFE. 
venient extractor for use with larger 

Burrows, J ARTHUR, P. 

BuRTSELL, i x Fire fighting—a cog in the 
wheel of national defense (Ar) 

Butter, J. A. V. Electrocapillarity: the 
chemistry and physics of electrodes and 
other charged surfaces (B) 

ByErty, W. graph for preparing binary 
— of approximate mol fractions 


CADBURY, W.E.,Jr. Sodium bromide- 
Carvin, M.—See Branca, G. E. K 
CaMERON, I. AND R. H. WRIGHT. “An ex- 
periment in electrical calorimetry (Ar) 
Camo, F. J., editor. A dictionary of metals 
and their alloys (B) 
CAMPBELL, C. J.— See JASPER, J. 
CaPELL, L. T.—See Patterson, A. M 
R. H.—See Kr, Fruu. O, 
CaRLETON, R. K. The New England As- 
sociation of Chey 7 ers (Ar) 
CaroTHERS, W. H.—See Mark, H. 
CARPENTER, D. C. Recent advances in 
the chemistry of the proteins (Ar).. 
Caneueres, F. F.— See Kruh, F. O. 
Casx, V.—See Bittman, J. H. 
CASTKA, J. ¥. Demonstration of elec- 
trolytic extraction of aluminum (Ar).. 
Cuamiin, G. The effect of moisture on 
chemical reactions (Ar)............+ 
Cuampion, F.C. University physics. Part 
(B) General physics. Part II. Heat 
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545 
398 


145 


82 


274 


193 


CHAPMAN, S. AND T. G. CowLinc. The 
a theory of non-uniform 

CuHeronis, N. D. Organic chemistry. An 
to the carbon 

—See MorRELL, W. E. 

Coreman, G. H._ Discussion of the 
(The value of courses in the — 
tion of organic compounds. 

ON HAZARDOUS CHEMICALS AND 
EXPLOSIVES OF THE NATIONAL FIRE 
PROTECTION ASSOCIATION AND AMERI- 
can CHEMICAL Society, A table of 
common hazardous chemicals (B) . 

Conn,G.K.T. The nature of the atom (B) 

Conn, K. E. ano H. T. Briscoz. Chemis- 

Conway, E. J. Micro-diffusion analysis 
and volumetric error (B 

Copiey, M. J.—See AupRietH, L. F. 

Coputsky, W. Antiseptics in wound 

CorTELyou, W. P.—See WALDBAUER, L. 

Cow ino, T. G.—See CHAPMAN, S. 

Craic, A. Concerning the statics of the 
balance beam (C) 

A aineey of the match 

116, 277, 316, 380, 


agricultural 
cal study 
CRUMPLER, T. B. AND J. H. Yor. 
computations and errors (B 


Curtis, W. C. Project teaching in high- 
school chemistry. I. Exhibits and 


CurRTMAN, L. J. AND S. M. EpMonps. 
culations of qualitative analysis (B).. 


DAKE, H. C. anv J. DeEMeENT. Fluores- 
cent light and its applications (B).... 

Da.sy, G.— See Horrman, C. 

DAMERELL, V. R.—See Bootn, H. S. 

Davis, H. L. anp J. W. Neckers. Anam- 
monium “chimney’’ (Ar).. 


ionships between stand- 
ard electrode ‘potentials of the ele- 
ments and their positions in the periodic 
E. F, Codperative objective 
tests in organic chemistry (C) 
Notes on eg chemistry (Ar)......... 
—See Gross 
DEMENT, Dake, H. C. 
pe Mitt, C. Early chemistry at Le Jar- 


DensicH, K. G. 
Derr, P. F.— See Vosspurcu, W. C. 
Drietricu, H. G.—See Ketszy, E. B. 
M.—See Brack, C. E., III 
Dorris, T. Bk AND W. F.O’Connor. More 
“a. organic laboratory instruction 
Dotti, L. B.— See Kerner, I. ‘s. 
Drummonp, J. C.—See Bacuaracn, A. L. 
Dunsar, R. E. Less ammonium chloride 


DUNKELBERGER, T. H.—See ENGELDER, 


Dunn, M. S.—See Stone, H. W. 
Dursan, S. A. Teaching weighing technic 
mae the aid of a motion picture film 
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Bartey, E. N.—See SKINNER, W. W. 
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B. Some lecture demonstra- 


Dutton, F. 
Dyer, W.S. A practical survey of chemis- 


EADS, R. A. The curriculum in second- 
ary chemistry in relation to the needs 
of American youth (Ar)............. 

Eppy, W. H. What are the vitamins? (B).. 

Epmonps, S. M.—See Curtman, L. J. 

Epson, K. C.—See MacKenzig, C. A. 

Ectorr, G. Modern motor fuels (Ar)...... 

Physical constants of hydrocarbons (B).. 

Exret, W.F. The founding of the A: Ameri- 
can Chemical Society (Ar)........... 

Evver, A. L. Text of chemistry (B) 

—anp K. G. Bartiett. Science pro- 

grams for adult radio listeners a 

Exoin, J. C. The problem of physical 
chemistry for chemical engineers (Ar) 

Exuis, C. AND A. A. WELts. Revised and 
enlarged by F. F. Heyrotn. The 
chemical action of ultraviolet rays (B) 

Ervine, P. Classification of analytical 

ENGELDER, T. H. DUNKELBERGER, 
AND . J. Scumver. Semi-micro 
qualitative analysis (B)............. 

Ewinc, A. M. The interview method of 
teaching qualitative analysis (B)..... 

Eyrinc, H. AnD J. WALTER. An elemen- 
tary formulati ion of statistical me- 
chanics (Ar, 


FEARON, W. R. An introduction to 
biochemistry (B) 
Frict, F., translated by R. E. 
Specific and special reactions for use 
in qualitative analysis. with particular 
to test avialysis (B)..... 
FERGUSON, Berginan, Klaproth 
Wollaston (Ar)........... 
FERNELIUS, C.—See McPuerson, W. 
L. F. Experiments in organic 
Frnpcay, A. Chemistry in the service of 


para G., Jr. The history of nico- 
FurEpner, L. J._ A crystal grows up (Ar) 


Forses, G. Water: some interpreta- 
tions more or less recent (Ar)......... 
Foster, L. S. The 1939-1940 college 
chemistry testing program (Ar)....... 

—See MacPuat, A. 

Foros, J. T. AND J. i: Bray, editors. In- 
troductory readings in chemical we 
technical German (B)............. 

Fow G. Good and bad??? 

Fow.er, R. H. anv E. A. GUGGENHEIM. 
Statistical thermodynamics ( ) 


Frary, G. G.—See SKINNER, W. 

Frepiani, H. A. AND L. GAMBLE. * Capil- 
lary pipets 

FREUDENBERG, K.—See Orsper, R. E, 


FriepMan, H. B. Alexander Borodin— 
musician and chemist (Ar) 
FrisHe, W.C. Atomic weight unit (C).. 
Frost, A. A. Effect of concentration on 
reaction rate and equilibrium (Ar).... 
FuNKHOUSER, J. A. Seventy-five years of 
chemistry tas University of New 
Hampshire ( 


Wrtarp, H 


FuRMAN, 
Furst, A. improved (Ar) 
G., M. In appreciation of Herbert Freund- 


Gasuzpa, G. E.—See Jenkins, E. F. 
GAMBLE, L.—See FREDIANI, H. 
Gararp, I. D. An introduction to organic 

Gerissman, T. A. Flower coloration (Ar) 
GetMan, F. H. Samuel Higley, an early 

American metallurgist ( 
Gripert, E. C._ Priorities (C)........... 
Gmpert, E. E. The reactive paraffins 

The unique chemistry of castor oil (Ar).. 
GuasstoneE, S. Textbook of p hysical 

GLOCELER, Teaching of introduction 

to wave mechanics ( 
Gompert, G. L. The valence of the 

LAMPREY, AND E. E. 

ies vs. performance 


Prop 


"Chemistry for photog- 
raphers 


use 
Gross, G. wiITH F. — ‘Anti- 
septics Lister (Ar 
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Groumoitt, O. A demonstration of cis- 
trans isomerization 


E. A.—See Fower, R. 

Gunn, E.L. A laboratory exercise in freez- 
ing point depression with camphor as 
the solvent (Ar 

Gurney, R. W.—See Mort, N. F. 

engineers (B 


HALE, W. J. Farmward march (B)..... 
HALL, C. C. Guiding the ayy first steps 
in high-school chemistry (Ar)........ 
Harty, W. T. Symbols or 
Harris, 3. W. Simpler weighing (Ar)..: 
Harrow, B.—See Lowy, A. 
HartTMAn, R. J.—See KANNING, E. W. 
Hatcuer, W. H. An to 
chemical science (B)........... 
Hatt, H.H. Mnemonics (C) 
Hauser, E. A. A simple method of build- 
ing close: pecked molecular and crystal 


Colloids in oe daily life (Ar) 

—AND J. E. Lynn. xperiments in colloid 


HavicHurst, R. J. AnD R. D. REED. 
do chemistry teachers improve their 


Have C. Demonstration of equilibrium 
T.H. Quantum numbers and 
Structural precipitates: the silicate gar- 
The dimensional method of problem 


HEADLEE, A. J. W.—See Morris, S. 

Hew, L. M.—See A.A.A.S. COMMITTEE ON 
THE IMPROVEMENT OF SCIENCE IN- 
STRUCTION FOR PURPOSES OF GENERAL 
EDUCATION 

HemmerzHem, C. J. Solubility general- 

Heres, V._An ultramicroscope cell (Ar) 

Hersic, G. B. anp H. P. Kiuc. Equip- 
ment for studying electrolysis and con- 

Hetp,O.C. A mathematics test as a chem- 
istry placement test (Ar 

HENDERSON, W. E.—See McPuHERSON, W. 

Herep, W. Fusion of inorganic and or- 

anic chemistry in the general course 

P., JR. anp C. V. Bowen. 
Evolution of the equilibrium —e 
as used in chemistry (Ar)........... : 

HeyrotH, F. F.—See 

Hivpesranp, J. H. The alternations in 
stability of compounds of the ele- 

ments in group V (Ar)............. 

Hitoitcu, T. P. The chemical constitu- 
tion of natural fats (B) 

Hrirescn, A. A. A simple wedge type pH 

HirscuuHorn, I. S. Demonstration of the 
burning of a candle (Ar)............. 

The analysis of gasoline in the “high 

Hitcucock, D. I. Physical chemistry for 
students of biology and medicine (B) 

Hosss, M. E. The qualitative analysis of 
the alkali metal group 

Hopce, J. E. Atomic weight unit (C).. 

D. ann H. N. 

Handbook of chemistry and 
physics (B) 
HorrMan, C., T. R. SCHWEITZER, AND G. 
The chemistry and tech- 

‘of bread 

Hoes, J. C. anp C. L. BICKEL. Elementary 
general 

Howtmes, F. E. Making fused porcelain- 

Hotmgs, H. N. A chemical pioneer in 
high-school teaching ( 

—See c. BD. 

S —See PRODINGER, W. 

Hoover, C.R. The training of chemists in 
liberal arts colleges (Ar).............. 

Howarp,S.F. Atomic weight unit (C).. 

Hupson, C. S. Emil Fischer’s discov 
of the configuration of glucose. 
retrospect (Ar) 

Hucues, L. E. C.—See Tweney, C. F. 

Huntress, E, H. anp S, P. MULLIKEN. 
Identification of pure organic com- 
pounds. Tables of data on selected 
compounds of order I (B) 


IRWIN, K. G. Local gas-volume rela- 


JACOBSON, C. A. Encyclopedia “a 
chemical reactions 


Cc 
Jasper, J. J., 


MOU J. CAMPBELL, AND D. E. 


477 


188 


377 
28 


314 
17 


439 


145 


44 
150 


The temperature-com: 
sition diagram of the partially misci' ” 
system water-isobutyl aicohat (Ar).. 
Jeans, J. An introduction to the kin 
Jenkins, E. F., G. E. GABuzpA, AND H. vA. 
SaNneR, An apparatus to demonstrate 
the continuous manufacture of rayon 
Jounson, C. R. An improved limestone 
analysis for quantitative analytical 


courses 
Jounson, J. R.—See Apams, R. 


KANNING, E. W. R. J. HARTMAN. 
mos model of the Carnot cycle (Ar) 
Kapp, Some early American students 
of chemistry at the University of Edin- 
burgh, 1750-1800 
LLER, R. N. The codrdination theory 
and coérdination compounds of the 
platinum group metals (Ar)......... 
Ketsey, E. B. H. G. Dretricw. Fun- 
itals_of semi-micro qualitative 
Training the chemical engi- 
= to meet the specifications of in- 
Keyser, C. The human worth of rigor- 
ous thinking 
The of mathematics (B)..... 

Knarascu, S.—See Brown, H. C. 

KIPLINGER, Cc. 

Kein, M. W.—See H. 

KLEINER, I. S. anp L. B. Dotti. Labora- 
tory instructions in biochemistry (B).. 

Kuve, H. P.—See Hersic, G. B. 

K, A. anp T.S. Markov. The prep- 
aration of ammonium hydroxide for 
laboratory use (Ar 

KRASILSCHCHIKOV, A. —See VinoGRADOV, 


F. O., R. H. CaRLeTon, AND F, F. 
CARPENTER. Edited by W. R. TEETERS. 


Paper for ‘platinum in 


Modern-life chemistry (B).......... 
Kuper, G. F.—See ZoRBAUGH, G. S. M. 
Kunzic, R. W. The first high-school 


LAMPREY, H.—See Green, D. H. 
Lanrorp, C. S.—See SHERMAN, H. C. 
Lapp, M. E.—See — W. W. 
LAWRENCE, SISTER M.—See SCHILLER, 


W. Jj. 
Leicester, H. M. Vladimir Vasil’evich 
Mark (Ar) 
Lepper, H. A.—See SKINNER, W. 
W. B.—See Watt, G. 


Lizn, J. M.—See Torun, W. E 
Lisk, G. M. Demonstration involving ved 


Lone, AND H 
cai calculations (B) 

Lowy, A. AND B, Harrow. An introdue- 
tion to organic chemistry (B)......... 

Luck, J. M. anp J, H. C. Smiru, editors. 
Annual review of biochemistry, hisses 


Lynn, J. E.—See Hauser, E. A. 
MACK, E., Jr.—See McPuzason, w. 


Mack, J. E. aNp M. J. Martin. The 
hotographic process (B)............. 
MacKewzig, C. A. AnD K, C. Epson, Use 


of cobaltous sulfate in qualitative or- 
ganic analysis (Ar) 
A. H. ano L. S. Foster. New 
ag for placement procedures (Ar).. 
vanslated from manuscript by 
Yi revised by J. E. Woops. 
Physical chemistry of high polymeric 
—anp G. S. WuitTsy, editors. Collected 
pers of Wallace Hume Carothers on 
high polymeric substances (B) 
Markov, T. S.-—See Kose, K. A. 
MARSHALL, D. E.—See JASPER eB: 
Martin, F.T. Another periodic table (Ar) 
M. J. Mack, J. E. 


Mason, C. M., B. W. Rosen, AND R. M. 
Swirt. Phase rule experiments with 
organic compounds (Ar)............. 


Matuews, A. P. 


soil 
Mayer, J. AND M. G. MAYER. 
Mayer, M. G.—See Mayer, J. E 
McCormack, H., editor. Applications of 
chemical engineering (B)............ 
McCuttoucs#, i D.—See Stone, H. W. 
M.—See Apxrns, H. 
Mixed indicators in the 
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McKenna, N. A. Theoretical electro- 
McPHERSON, W., W.E. HENDERSON, 
FERNELIUS, AND E. Mack, Jr. "Chem- 
istry: a textbook for colleges (B).. 
MeE.ian, I. Organic reagents in inorganic 
Megtiton, M. G. Analytical records for 
quantitative chemical analysis (B).. 
S. F. Materials of industry 
MEYENBERG, F. L.— See L. 
MIALL, B.—See C 
A. S. An integrated hi 
college chemistry program 
MIDDLETON, H. Systematic 
organic ae (B) 
MILITZER, The qualitative chemical 
identification of the natural sugars (Ar) 
Miner, H. I. Consumer education in the 
college chemistry course ( 
MircHett, E. T. Some lecture experi- 
ments using rubber balloons (Ar) 
Moetwyn-Hucues, E. A. Physical chem- 
istry, an introduction (B)............ 
C. E. RasMuSSEN, translated 
by C. WHEELER AND B. Mitt. 
The world and the atom (B) 
Moorg, W, C. Industry’s interest in the 
professional training of chemists (Ar). . 
.E. Frozen stoppers (C) 
MorrELL, W, E. anp N. D. Cueronts. 
An experiment in the teaching of in- 
organic and analytical chemistry (Ar) 
Morris, S. AND EADLEE. Lec- 
The. eriments in general chemistry. 
e liquefaction and fractiona- 
aa of air. The liquefaction and 
fractionation of natural gas ( 
Morton, H. Science for ene stu- 


Mort, N. F. anp R. W. ‘Gurney.  Elec- 
tronic processes in ionic crystals (B).. 
MULLER, O. H. method 
of analysis. eneral review of elec- 
tro-analytical (Ar 
II. Apparatus (Ar) 
Fundamentals of quantitative an- 
alysi 
IV. 


of qualitative an- 

alysis (Ar). 

Vv. ‘Applications (Ar) 
MULLIKEN, S. P.—See HuntrREss, E. 

“a K. J. The many-acid problem 


NATIONAL Resgarcu Councin. Twelfth 
rei ort of ™ committee on catalysis 

NECKERS, J. W. Priorities 

—See Davis, H. L. 

Neg son, T. A. The future of chemist: 
a specialized science in the high-school 
curriculum (Ar) 

Newman, A. B. Objectives of the curricu- 
lum in the professional trainingof chemi- 

Noyes, W. A., Jr. Discussion of the 
paper. (Teaching of introduction to 
wave mechanics. G. GLOCKLER) (Ar) 


O'BRIEN, S. J. Sodium 
bromide-water (C)...... 

O’Connor, W. F., Jr. “Let's get ac- 
quainted with patent (Ar).. 

—See Dorris, T. B. 

Orsrer, R. E. Alfred Walter Stewart 


(Ar 
An excerpt from Lavoisier’s laboratory 
journal (Ar) 


Chemical warfare in those days (Ar).... 
Frederick George Donnan (Ar)......... 
Wilhelm Béttger (Ar) 
—anpvd K. FREUDENBERG. 
T a re 
—See FEIGL, 
—See TIMMERMANS, J. 


Bunsen’, 's ‘trip 


PATTERSON, A. M. anp L. T. Capgtr. 
The ring index. A list of ring systems 
used i - organic chemistry (B)........ 

L.— See Spurr, R. 

Payne, E.C. What is an element? (C)... 

PELLERANO, S. A.— See YaTEs, R. F 

PHILBRICK, F. A. Answers to 
tests in inorganic chemistry (B) 

Factual tests in a chemistry (B). 
Inorganic chemistry (B)............... 
Lips, A. H. Gardening without soil 


“PzastEs.” Plastics in industry (B 
PRODINGER, W., translated by S. Howes. 
Organic reagents used in quantitative 
inorganic analysis 
Pruitt, C. M. Scien e reading materials 
for pupils and 


249 


227 
320 


478 


423 


ted in letters to _ 


98 
148 


RADLEY, J. A. Starch and its deriva- 
tives (B)....... 
Rarya, L. L. A study ‘of some concepts 
rh beliefs in chemistry on physics 


RANDALL, AND L. E. Younc. ‘The flow 
sheet and material balance of a quanti- 
tative (Ar 

RASMUSSEN, E.—See C. 

Reap, W. T. The curriculum for the 
of science degree in chemistry 

Reep, R. D. Specialized chemistry in 
secondary education (Ar) 

—See Havicuurst, R. 

Reepy, J. H. Elementary qualitative an- 
alysis for college students (B)........ 

John Mercer (Ar) 

Ruopgs, H. T Forensic chemistry (B) 

RicHTerR, G. Laboratory manual of 
elementary organic chemistry (B).. 

Rressomer, J. L. of the paper. 
(Senior research. J.H. Yor) (Ar).... 

Rreman, W.,III. The quantitative separa- 
tion of some dyestu An application 
of the chromatographic method (Ar).. 

RONNEBERG, C. E. Symbols or abbrevia- 

Rosgn, B. W.—See Mason, C. M. 

Roux, U. anp A. AuBRY. La indus- 
trie des acides organiques (B)........ 


SALE, J. W.—See SKINNER, W. W. 

SAND, | S. Electrochemistry and elec- 
trochemical analysis. VolumelI. Elec- 
trochemical theory. Volume II. Gra- 
vimetric electrolytic analysis and elec- 
trolytic marsh tests (B)............. 

SaANgER, H. A.—See JENKINS, E. F. 

ScHAEFER, P. E.—See A.A.A.S. COMMITTEE 
ON THE IMPROVEMENT OF SCIENCE IN- 
STRUCTION FOR PURPOSES OF GENERAL 
EDUCATION 

Scueer, L. F. L. MEYENBERG, 

ScHILLER, W. J.—See ENGELDER, 

—AND SISTER M. LAwRENCE. Semimicro 
equipment for high-school and college 
chemistry (Ar 

Scuun, A. E.—See Burns, R. M. 

SCHWEITZER, T. R.—See Horrman, C. 

Semwett, A. Solubilities of inorganic and 
metal organic compounds (B 

SELWoop, P Courses in advanced in- 
organic chemistry (Ar) 

Heavy water (Ar) . 

SENKUS, > An organic ‘demonstration 


Sewarp, R. P. Large crystals (C)....... 
Suaw, E. H., r. A compact calomel elec- 

SHeety, C. “thermo-allotropic 


modifications of sulfur (Ar) 
SHERMAN, H. Ch nes of food ‘and 


SHRINER, R. L. The value of courses in the 
identification of organic compounds 
Suuster, C. study of the problems 
in teaching the slide rule (B 
SINCLAIR, K.—See Mark, H. 
SKINNER, W. W., E. N. Bartey, L. E. 
WARREN, J. W. Save, G. G. Frary, 
H. A. LEpPER, AND M. E. Lapp, editors, 
Official and tentative methods of an- 
alysis of the Association of Official 
Agricultural Chemists (B) 
SmitH, G. W. of ad- 
smitH, H. M. Eminent ‘men of science 
living i in (Ar 
Situ, J. H. C.—See Luck, J. M. 
Situ, O. M.—See ARTHUR, P. 
SmitH, T. B. Analytical processes, a 
physico-chemical interpretation (B) eee 
Sommer, E. E.—See GREEN, D. H. 
SouTHERN, J. A. The application of or- 
ganic snnte to inorganic analysis 


Spiers, C. H. Selling a chemistry course 
to ‘factory wotlers CAG). 
Spurr, R. L. Pautinc. The electron- 
diffraction method of determining the 
of molecules (Ar).. 
Strong, H. S. DUNN, AND D. 


Experiments in gen- 
SUMERFORD, Ano mnemonic 
Sumpter, W.C. Atomic weight unit (©. 
SUTERMEISTER, E. AND F. L. BR ROWNE. 


Casein and its industrial applications 


Swirt, R. M —See™ Mason, C.M 
SzENT-GYORGYI, A. V. On oxidation, fer- 
mentation, ins, health and dis- 


499 


364 


200 


150 


199 
432 
203 


398 


49 


603 


SzymManowi1Tz, R. Demonstrating the 
movements of colloidal particles (Ar).. 


TAYLOR, L. W.—See A.A.A.S. Commit- 
TEE ON THE IMPROVEMENT OF SCIENCE 
INSTRUCTION FOR PURPOSES OF GEN- 
ERAL EDUCATION 

TayLor, W. H. Lewis Reeve Gibbes and 
the classification of the elements (Ar). . 

TEETER, H.M. Derivation of the freezing- 
point equation (Ar)................ 

TEETERS, W. R.—See Kruh, F. O. 

THoMaS, 5 Handbook for chemical pat- 

THORNE, P. C. L. anpD A. M. Warp, editors. 

Ephraim’s chemistry (B).... 

TuorPs, J. F. anp M. A. WHITELEY. 
Thorpe’s diction of applied chemis- 
try. Volume I IV tB) 

TuHRUN, W. E. J. LIEN. 
strations of gas explosions (Ar)....... 

TIMMERMANS, J., translated by R. E. OESPER. 

hemical species 

Tosre, W.C. Anelectrically heated funnel 
heater for small conical funnels (Ar)... 

TrauBeE, J. Cell formation and division 

TwEney, C. F. anp L. E. C. Hucues, edi- 
Chambers’s technical dictionary 


VAN ATTA, F. A. ano W. L. Wastey. 
Detection of cadmium (Ar) 
vAN Kiooster, H.S. The geometric inter- 
retation of the method of intercepts 


Ar. 

VinoGrRapDov, G. V. A. I. KRAsiLscu- 
cuHikov. An atlas of physical and 
chemical nomograms (B 


VocEL, A. I. A textbook of qualitative 
VosBURGH, An introduction to 


quantitative chemical analysis (B).. 
—anpD P. F. Derr. The preparation of 

Weston standard cells (Ar).......... 
VurtteumierR, E. A. The hare and the 

horse (C) 


WACHTEL, C. Chemical warfare (B).. 
WaxenHam, G. The study of gaseous dis- 
sociation as an introduction to the law 
of mass action (Ar) 
WALDBAUER, L. quantitative 
analysis (B) 
—anvD W. P. CorTELyou. Optimum vol- 
ume for a wash portion (Ar 
WaLKER, H. R., Jr.—See Woon, V. E. 
WALTER, J. Eyrine, H. 
Warp,A.G. The nature ‘of (B).. 
Warp, A. M.—See THORNE, P. C. 
Warner, J.C. Objectives of the caution 
for the professional training of chem- 
ists (Ar) 
WarRrEN, L. E.—See SKINNER, W. W. 
Was.ey, W. L.—See VAN Atta, F. A. 
Watt, G. W. anv W. B. Lustig. Liquid 
ammonia research in 1940—a review 
Weser, H.C. Thermodynamics for 
cal engineers (B) ..........+..+ 
WEINER, What is an element? 
We tts, A. A.—See ELtIs, 
WENpT, G. Science for the world of to- 
WERTHEIM, E. A laboratory guide for or- 
ganic chemistry (B)................ 
West, P. W. A study of interference in 
drop reactions (Ar, 


Wextier, A. A gimple pressure filter (Ar) 
WHEELER, C.—See C. 
Wuirtsy, G. S.—See Mark, H. 


Wuits.ey, M. A.—See Tuorps, J. F. 

WHITTAKER, R. M. A laboratory hand- 
book and ayingae for a first year course 
in chemistry (B 

Wixrns, L. E. Atomic weight units (C).. 

Witvarp, H. H. ann N. H. Furman. Ele- 
mentary quantitative 

Witiiams, J. C. A rapid method of cor- 
recting for ality of arms in 
the oe alance (Ar 

Witson, C. W. Foundation develop- 
ney of the gas industry in America 


Witson, E. B. Apparatus for = 
liquids of low boiling points 

Witson, J. A. Modern in 

Wo re, A. C.—See BuRRELL, R. C. 

Woop, V. E. anp H. R. WALKER, JR. Semi- 
micro chemistry for 


Woops, J. E.—See Mark, H. 
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ERAL EpvucaTion. L. W. 
Chairman, AND L. M. Hem anp P. 

ScHAEFER, Research Assistants (Ar)... 
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35 
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10 


Chemistry laboratory for freshman engi- 
Chemistry of castor oil, The unique. E. E. 
Chemistry program, An integrated high 
. S. (Ar)... 
Cee ‘Symposium on the teaching of 
advance 
Chemistry teachers improve their teaching, 
How do? R. J. HavicHurst AND R. 


undergraduate courses in..408-23 


Chemistry The New England 
Association of. R.K. CARLETON (. 82 
Chemistry testing program, The 1939-1940 
college. L.S. Foster (Ar) LOS TESS 159 
Chemistry, The function of general. H. N. 
Chemists in liberal arts colleges, The train- 
ing of. C.R. Hoover (Ar).......... 572 
Chemists, Industry’s interest in the profes- 
sional training of. W.C. Moore (Ar). 576 
Chemists, Objectives of the curriculum for 
the professional training of. J. C. 
Chemists or chemical engineers, Symposium 
on professional training of.......... 60-80 
Chemists, William Macneven, John 
P. Emmet, and Thomas Antisell 
Lecture and laboratory notebooks of 
three early Irish-American refugee. 
Chemotherapy, Some problems 
Chromatographic method, An application 
of the. The quantitative separation of 
some dyestuffs. W. Rreman III (Ar).. 1312 
Cis-trans isomerization, A demonstration of. 
O. GRuMMITT (Ar)... 477 
Classification of analytical samples. P. J. 
Classification of the elements, Lewis Reeve 
Gibbes and the. W.H. Taytor (Ar). 403 
Clearing house for examinations, A......... 548 
Close-packed molecular and crystal models, 
A simple method of building. E. A. 
COs, A use for (Ar)...........00-000- 457 
Cobaltous qualitative organic 
analysis, MaAcKEnNzZIE 
Cochrane, Thomas—See Eminent men of 
science living in 1807-8............... 203 
College chemistry course, Consumer educa- 
tioninthe. H.I. (Ar)....... 9 
College chemistry, Semimicro Squipment 
for high-school and. W. CHILLER 
AND SISTER M. (as)... 543 
testing program, ‘The 
1939-1940. L.S. Fosrer (Ar)........ 159 
College Entrance Examination Board, The 
chemistry examination of the ( 441 
ine 9 The training of chemists in liberal 
Colloidal particles, Demonstrating the 
movements of. R. (Ar). 331 
Colloids in your daily life. E. A. HausER 
Coloration, Flower. A. GEISSMAN (Ar): 108 
Colorimeter, A simple bfe type pH. A. 
Committee on Examinations and Tests, Pre- 
er report on the conference of ar 
Cutan calomel electrode, A. E. H. 
Composition diagram of the partially mis- 
cible system water-isobutyl alcohol, 
The temperature-. J. J. JASPER, C. 
CAMPBELL, AND D. E. MarsHAtt (Ar). 540 
Compounds of the elements of group V, The 
alternations in stability of. J. H. 
Compounds of the platinum group metals, 
The coérdination theory and coérdina- 
tion. R.N. (Ar)........... 134 
Compounds, Phase rule experiments with 
organic. C.M. Mason, B. W. Rosen, 
AND MC CAS) 473 
Compounds, The value of courses in the 
identification of organic. R. L. 
Discussion of the | paper. G. H. CoreMAn 
409 
Concentration on reaction rate and equi- 
librium, Effect of. A.A. Frost (Ar).. 272 
Concept of acids and bases, A résumé of the 
proton transfer, H.N. (Ar)... 206 
Concepts and beliefs in "chemistry and 
physics, A study of some. as L. 
RAtya ( S08 
Concerning the Selective Service Act... .. -. 240 
Conductivity, Equipment for studying 
electrolysis and. G. B. HEIsIG AND 
Conference, Gleanings froma (Ar)........ 142 
Conference of the Committee on Examina- 
og and Tests, Preliminary report on a 
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discovery of the. A semicentennial 
retrospect. C.S. Hupson (Ar) 
Congreve, Sir William—See Eminent men 

of science living in 1807-8............ 
Consumer education in the college chemistry 
course. H. I. MINER ( 
Continuous manufacture of rayon, An ap- 
paratus to demonstrate the. E. F. 
Jenkins, G. E. Gasuzpa, AND H. A. 
Contributions to chemical education. . 
Convenient extractor for use with iarger 
quantities of plant material, A. R. 

. BURRELL AND A. C, WOLFE (Ar).. 

Coérdination theory and coérdination com- 
= gag of the platinum group metals, 
Copper and cadmium, A qualitative separa- 
tionof. D. Brawtey (Ar)........... 
Copper from cadmium with salicylaldoxime 
in qualitative analysis, Separation of. 

ss for inequality of beam arms in 
an: balance, A rapid method 


Corrections: 
Another mnemonic.......... 
Labels in calculations of quantitative 

chemical analysis. . 


Correspondence: 
Symbols or? L. P. Brg- 


Symbolsor? W. T. HALL. 


Abbreviations, Symbols or? C. E. Ron- 
Action of indicators. L. G. S. BRooKER. 


Agents, Surface-active. C. M. Brarr, 


Ammonia, Preparing dry. W. Q 
Ammonium chloride, R. Dun- 
Another mnemonic. (Fatty “‘acids). 
Correction. 
Antiseptics in wound treatment. W. 


of Herbert Freundlich, In. 
Argus camera, Copying an. 
Atomic weight unit. 
Atomic weight unit. 
Atomic weight unit. 
Atomic weight unit. 
a weight units. 
ad, Good and??? (Questions). 
Balance beam, Concerning the statics of 
the. A. CRAIG 
devices with an ‘Argus. 
Chemical pioneer in high-school teaching, 
Chemical reactions, Encyclopedia of. 
Concerning the statics of the balance 
beam. A. CRAIG............ 
Codperative objective tests in “organic 


W. C. SuMPTER.... 
L. E. WILKINS.... 
G. W. 


chemistry. E. F. DEGERING......... 
Copying devices with an Argus camera. 


Crystals, Large. R. P.SEWARD.. F 
Demonstration, An organic. M. SeEnxus. 
Devices with an Argus camera, Copying. 
Dimensional method of problem solving, 
The. T. 
Dixon, Brandt V. B.—See A chemical 
pioneer in high-school teaching........ 


Dry ammonia, Preparing. W. Q. ae 
Element, What isan? E. C. PAYNE. 


Element, What isan? S. WEINER...... 
Encyclopedia of chemical reactions. C. 
First high-school chemistry laboratory, 
chemistry 


Frozen stoppers. G. 
Gas- K.. G. 


IRwr 


G. W. 

Hare the horse, The. E. A. Vum- 


High-school chemistry laboratory, The 
first? C. A. BROWNE............... 


High-school teaching, A chemical pioneer 
in. H. N. Houmes......... 


353 


481 


146 
195 


396 
245 


Horse, The hare and the. E. A. Vut- 


Hydrogen bromide—water, Sodium bro- 


mide-. W. E. CapBury, JR.......... 145 
Hydrogen um bro- 
mide-—. 145 
In ap reciation of Herbert Freundlich. 
Indicators, “Action of. L.G.S. Brooker 245 
boratory, The first high-school chemis- 
Laboratory, The first high-school chemis- 
crystals. RP. 346 
Less ammonium chloride. R.E.DuNnBAR 497 
Local gas-volume relationships. K. G. 
Method of problem solving, The di- 
mensional. T. AZLEHURST....... 43 
Mnemonic, Another. Cane acids). W. 
T. SUMERFORD......... dae 


Objective tests in organic Co- 


operative. DEGERING.. 95 
Organic chemistry, Coéperative objective 

tests in. E. F. DEGERING........... 95 
Organic demonstration, An. M.Senkus. 595 

. Paper for platinum in flame tests. C. C. 

KIPLINGER. 297 
Pioneer in high-: school teaching, “A chem- 

ical. H. N. HOLMES................ 195 
Platinum in flame tests, Paper foe... 

KIPLINGER......... 297 
Preparing dry ammonia. W. Q. Bun- 

Priorities. E. C. 545 
Priorities. J. W. NECKERS............. 545 
Problem solving, The method 

43 
Reactions, Encyclopedia of chemical. C. 

Sodium bromide— 

water. E. CapBury, JR.......... 145 
Sodium bromide-hydrogen bromide— 

water. S. J. O’BRIEN....... 145 
Solving, The dimensional method of 

problem. T. AZLEHURST....... 43 
Statics of the balance beam, Concerning 

Stoppers, Frozen, G. E. 245 

-active agents. C. M ge Jr. 246 
Symbols or abbreviations? L. P. Br- 

Symbols or abbreviations? W. T. Hatt 195 
Symbols or abbreviations? C. E. RONNE- 

co ass 44 
Teaching, ‘A’ chemical" pioneer in high- 

school. H. N. HoLMES........-.-.-- 195 
Tests in organic chemistry, Codperative 

objective. E. F. DEGERING.......... 95 
Tests, Paper for platinum in flame. C. 

Treatment, Antiseptics in wound. bi 

Unit, Atomic weight. W. C. Frisue.. 43 
Unit, Atomic weight. J. E. HopcE.. 145 
Unit, Atomic weight. S. F. Howarp... 43 
Unit; Atomic weight. W.C.SumpTer.. 246 
Units, Atomic ght. L. E, 196 
Vérlander’s rule—See Mnemonics...... 196 
Weight unit, Atomic. W.C. FRrIsHE... 43 
Weight unit, Atomic. J. E. Hopce.... 145 


Weight unit, Atomic. S.F.Howarp... 43 


Weight unit, Atomic. W.C. SuMmpPTER.. 246 
Weight units, Atomic. L. E. Wirkins.. 196 
What is an element? E.C. Payng...... 195 
What is an element? S, WEINER...... 296 
Wound treatment, Antiseptics in. W. 
544 
Course, Consumer education in the college 
chemistry. H. I. Mrner (Ar)........ 9 
Course, Fusion of inorganic and organic 
chemistry in the general. W. HERED 
Courses in advanced aeraeene chemistry. 
P. W. SELWooD 414 
Discussion of the paper. A. Basor 


Courses in chemistry, Symposium on the 
teaching of advanced undergraduate. . 408-23 
Courses in the identification of organic com- 
unds, The value of. R. L. SHRINER 


Discussion of the paper. G. 
409 
Coxe, John Redman—See Some early Amer- 
ican students of chemistry at the Uni- 
versity of Edinburgh, 1750-1800. 
Crompton, —See t men of ‘ain 


science living in 1907-8 
Crystal grows up, A. L. J. Frrepner (Ar) 42 
Crystal models, A simple method of build- 

ing close-packed molecular and. E. A. 


Cullen, William—See Some early American 
students of chemistry at the ne 

of Edinburgh, 1750-1800 553 
Curriculum for the bachelor of science de- 


609 


W. T. Reap 
Curriculum for the professional training of 
chemists, Objectives of the. J. C. 
Curriculum in secondary chemistry in rela- 
tion to the needs of American youth, 
The. R.A. Eaps (Ar).............. 
Curriculum in the professional training of 
chemical engineers, Objectives of the. 
ye 
Curriculum, The future of chemistry as a 
specialized science in the high-school. 
Cycle, A space model of the Carnot. E. hah 
NNING AND R. J. HARTMAN (Ar) .. 


ree in chemistry, The. 


DALTON, John—See Eminent men of 
science living in 1807-8 
Data for placement procedures, New. A. 
. MacPual AND L. S. Foster (Ar).. 
Davy, | ‘Sir Humphry—See Eminent men of 
science living in 1807-8 
Defense, a cog in the wheel of national— 
Fire fighting. A. T. BurTSEvt (Ar).. 
Degree in chemistry, The curriculum for the 
bachelor of science. W.T. Reap (Ar).. 
Demonstrate the continuous manufacture of 
rayon, An apparatus to. E. F. JEn- 
kins, G. E. GABuzpDA, AND H. A. SANER 
Demonstrating the movements of colloidal 
particles. R. SzyMANOowITz (Ar).... 
Demonstrating ultramicroscope, A simple. 
ABRAHAMS AND W. BLITZSTEIN 


Demonstration of adsorption, W. 
Demonstration of cis-trans isomerization, 


Demonstration of electrolytic extraction of 
aluminum. J. F. CastKa (Ar)....... 
Demonstration of equilibrium. M. C. 
Hays 
Demonstration of the 7 aoe of a candle. 
Demonstration purposes, An electrical pre- 
cipitator for research and. J. . 
BILLMAN AND R. V. (Ar)........ 
Demonstrations in general chemistry, Lec- 
ture. S. B. ARENSON (Ar)........... 
Demonstrations involving photography. 
S. B. ARENson (Ar) 


Demonstrations of gas explosions. W. E 
THRUN AND J. 
Demonstrations, Some lecture. F. B. Dut- 


TON (Ar 
Demonstrations vs. chemistry laboratory for 
= engineers. S. B. ARENSON 


Demonstrations with gases, An improved 
apparatus for. W. (Ar).. 
Derivation of the freezing-point equation. 

H. M. Teeter (Ar 
Des Cloizeaux, Alfred L.—See Bunsen’s 
trip to Iceland as recounted in letters 
Detection of cadmium. F. A. Van ATTA 
AND W. L. Wastey (Ar)............. 
Diagram of the partially miscible system 
water-isobutyl alcohol, The tempera- 
ture—composition. JASPER, C. J. 
CAMPBELL, AND D. MarsSHALL (Ar) 
Dilatometer, An cbr A. Furst (Ar) 
Dissociation as an introduction to the law 
of mass action, The study of gaseous. 
G. WaxkeHaM (Ar) 
waa Cell formation ‘and. J. TRAUBE 


Division of Chemical Education, A.C. S.: 
Clearing house for examinations, A...... 
Division of Chemical Education of the 

American Chemical oe (Minutes of 


101st meeting of the American Chemical 
Society, Division of Chemical Educa- 
tion, St. Louis, April 7-11, 1941 
Preliminary report on the conference of 
bd Committee on Examinations and 


Supplementary experiments 
Symposium at the St. Louis meeting of the 
Division of Chemical Education...... 
Division of Physical and Inorganic Chem- 
istry of the American Chemical Society, 
Sixth annual symposium.............. 
Dollond, Peter—See Eminent men of 
science living in 1807-8.............. 
Donkin, Bryan—See Eminent men of 
—, Frederick George—See Frontis- 


George. R. E. OgSPER 
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560 
9 
39 
433 
565 566 
513 143 
180 
134 
204 
525 235 
Mne nic Hat . 196 
569 
146 
433 
331 ; 
44 Demonstration involving air pressure. G. ' 
245 346 
246 432 
545 477 
497 193 ; 
346 194 
481 107 
544 
396 261 4 
168 
246 375 
196 15. 
296 
241 
146 438 
195 393 
44 253 
31 
95 3 
146 
346 
595 
146 a 
43 480 4 
195 
545 548 
195 
296 
44 Exam |_| 
297 
Freundlich, In appreciation of Herbert. {2 
133 
145 
296 595 i 
96 |_| 
204 
High-school chemistry laboratory, The / 
195 282 7 
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Drop reactions, A study of interference in. 

Dundonald, Earl of —See Cochrane, Thomas 203 
Dyestuffs, The quantitative separation of 

some. An ee of the chromat- 


EARLY chemistry at Le Jardindu Roi. C. 


Edinburgh, 1750-1800, Some “early Ameri- 

can students of chemistry at the Uni- 

versity of. M.E. Kapp (Ar).......... 553 


2,51, 101 
151, 201, 251, 301, 351, 401, 451, 501, 551 
Education, Chemistry instruction. for = 
poses of general. OM- 
MITTEE ON THE or Sci- 
ENCE INSTRUCTION FOR PURPOSES OF 
GENERAL EpucaTiIon. L. W. TAYLor, 
Chairman, AND L. M. Het anp P. E. 
SCHAEFER, Research Assistants (Ar).. 


Education, Contributions tochemical...... 576 
Education in the college chemist: course, 

Consumer. H. I. Miner (Ar)........ 9 
aoe Industry’s challenge to chemical. 

F. A, ANDERSON 471 
Béuestion, Specialized chemistry in second- 

ary. R. D. 496 
Effect of concentration on reaction rate ‘and 

equilibrium. A. A. Frost (Ar)....... 272 
Effect of moisture on chemical reactions, 


Effective organic laboratory instruction, 
More. T. B. DorRIS AND 

calorimetry, An experiment in. 

CAMERON AND R. H. Wricut (Ar).. 510 

Stecttioal precipitator for research and 
demonstration purposes, An. J. H. 
BILLMAN AND R. V. (Ar)........- 261 

Electrically heated funnel heater for small 
conical funnels, An. W.C. (Ar) 91 

Electro-analytical methods, General review 
of The polarographic method of 


O. H. (Ac)........ 65 
Electrode, A —- calomel. E. H. 


Electrode potentials of the elements ‘and 
their positions in the periodic table, 
Relationships between standard. C. 

Electrolysis and conductivity, Equipment 

for studying. G. B. HEisic anp H. P. 

Electrolytic extraction of aluminum, Dem- 

onstration of. F. CastKa (Ar).. 193 
Electron-diffraction inethod of determining 

the structure of gas molecules, The. 

R. SpurR AND L. (Ar)...... 458 
Electron microscope, The. H. N. ALyEA 
Electron, The gram. L. F. AUDRIETH AND 

M. j. (Ar) 373 
Elementary formulation of statistical me- 

chanics, An. EyrRING AND J. 


Elements and of think- 
ing. E.M. J. Lone (Ar)...... 92 


Elements and their positions in the periodic 
table, Relationships between standard 
electrode potentials of the. C. L. 

Elements, Lewis Reeve Gibbes: and the 
seen of the. . TAYLOR 

Elements of group V, The alternations in 
stability of compounds of the. 

Emil Fischer’s discovery of the configura- 
tion of glucose. A semicentennial retro- 
spect. C. S. Hupson (Ar) 

Eminent men of science living in 1807-8— 

See Frontispieces 

Eminent men of science living in 1807-8. 

Emmet, John P., and Thomas Antisell, 
Lecture and laboratory notebooks of 
three early Irish-American refugee 
chemists, William J. Macneven. C. A. 

Engineer to meet the specifications of ‘ine 
dustry, Training the chemical. B. 
Kerves (Ar) 

Engineers, Demonstrations vs. chemistry 
laboratory for freshman. S. B. AREN- 
241 

Engineers, Objectives of the curriculum in 
the professional training of chemical. 
566 

Engineers, Symposium on professional train- 

ing of chemists or chemical........... 

Engineers, The problem of tack chem- 
istry for chemical. C. Ever (Ar).. 284 

Equilibrium, Demonstration of. M. 


Equilibrium, Effect of concentration on re- 
FRostT (Ar). 

Equilibrium symbol as used in chemistry, 


action rate and. 


Jr. 


Evolution of the. 
AND C. V. BOWEN 
Equipment for h-school “and college 
chemistry, Semimicro. W. J. ScutL- 
LER AND SISTER M. LAWRENCE (Ar).. 
Equipment for studying electrolysis and 
conductivity. G. B. Hersic anp H. P. 
Evolution of the equilibrium symbol as used 
in chemistry. . HEWLETT, JR. AND 
. V. BowEn (. 
Examination and test conference.......... 
Examination of the College Entrance Ex- 
amination Board, The chemistry (Ar) 
Examinations, A clearing house for....... 
Examinations and Tests, Preliminary report 
on the conference of the Committee on. 
Excerpt from Lavoisier’s laboratory jour- 
nal, An. R.E. Ogsper (Ar)......... 
Exercise in freezing point depression with 
here as the solvent, A laboratory. 
L. Gunn (Ar) 
Exhibits and posters,I. Project teaching in 
high-school chemistry. W. C. Curtis 


‘(Ar 
Experiment in electrical calorimetry, An. 
I. CAMERON AND R. H. WRIGHT (Ar).. 
Experiment in the teaching of inorganic and 
analytical chemistry, An. E. 
MoRRELL AND N. D. CHERONIS (Ar).. 
Experiment, The flow sheet and material 
balance of a quantitative. M. Ran- 
DALL AND L. E. (Ar).........+ 
Experiments in general chemistry, Lecture. 
The liquefaction and fractionation 
of air. VII. The liquefaction and 
ee of natural gas. S. Mor- 
RIS AND A. J. W. HEADLEE (Ar)...... 
Experiments in high-school chemistry, 
Supplementary 
Experiments using rubber balloons, Some 
lecture. E. T. Mircnet (Ar)...... 
Experiments with organic compounds, 
Phase rule. 5 Mason, B. W. 
RosEN, AND R. M. Swirt (Ar)....... 
Explosions, Demonstrations W. E. 
THRUN AND J. M. Lien (Ar)......... 
Extraction of aluminum, Demonstration of 
electrolytic. J. F.CastKa (Ar).,.. 
Extractor for use with larger quantities of 
plant material, A convenient. R. 
BuRRELL AND A. C. (Ar)...... 


FACTORY workers, Selling a chemistry 
course to. C. H. Spiers (Ar)........ 
Fighting, Fire—a cog in the wheel of na- 
tional defense. A. T. BurTSELL (Ar) 
Film, Teaching weighing technic with the 
Te of a motion picture. S.A. DURBAN 
Filter, A simple pressure. A. WEXLER (Ar) 
Filters, Making fused porcelain-pyrex. F. 
Fire fighting—a . in the wheel of national 
defense. A. BurTSELL (Ar)...... 
First steps in a ot chemistry, Guid- 
ing the pupils’. C. C. 
Fischer, Emil—See Frontispieces 
Fischer’s discovery of the configuration of 
glucose, Emil. A semicentennial ret- 
rospect. C. S. Hupson (Ar 
Flasks, Note on the breaking of pyrex. H. 
Flow sheet and material balance of a quanti- 
tative experiment, The. M. RANDALL 
AND L. E. YounG (Ar) 
Flower coloration. T. A. (Ar). 
Fog—See The pallid veil...... 
and division, Cell. TRAUBE 


Formulation of statistical era An 
elementary. H. Eyrinc AND J. WAL- 


dation and develop t of the gas in- 
— in America. C. W. WILSON 


Founding of the American Chemical So- 
ciety, The. W. F. Enret (Ar)....... 
Fourdrinier, Henry—See Eminent men of 
science living in 1807-8...........-- 
Fractionation of air, The liquefaction and, 
VI. VI The liquefaction and frac- 
tionation of natural gas. Lecture = 
— in general chemistr: 

ORRIS AND A. J. W. HEADLEE (ae) 
— George Donnan. R. E. OESPER 
Free rotation, Molecular models with. C. 
E. Brack, III, anD M. (Ar).... 
Freezing point depression with camphor as 
the solvent, A laboratory exercise in. 

E. L. Gunn (Ar).. 
es int equation, Derivation of the. 
. TEETER (Ar). 
engineers, Demonstrations vs. 
laboratory for. S. B. AREN- 
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Frontispieces: 
Béttger, Wilhelm (Jan.) 
Donnan, Frederick George (June) 
Eminent men of science living in 1807-8 


(May) 
Fischer, Emil (Aug.) 
Gibbes, Lewis Reeve (Sept.) 
Landmark in American ee A (Apr.) 
- Le Fevre, Nicolas (Nov.) 
“Lightning’’ pursuit planes, Lockheed 
P-38’s (D 
Lowry, Thomas Martin (Mar.) 
Mercer, John (Feb.) 
Orfila, Matthieu Joseph Bonaventure (July) 
Stewart, Alfred Walter (Oct.) 
Fuels, Modern motor. G. EGLOFF (Ar)..... 582 
Fulton, Robert—See — men of 


science living in 1807-8............. 204 
of chemistry, Fhe. “Hi N. 


Fundamentals of qualitative analysis, IV. 

The polarographic method of analysis. 

oO. MULLER 227 
Fundamentals of quantitative analysis, IIT. 

The polarographic method of analysis. 

Funnel heater for small conical fan, An 

electrically heated. W. C. 91 
porcelain- filters, Making. 


OLMES (AF)... $811 
Fusion of inorganic and es chemis 
in the general course. W. HERED (AD 439 


Future of chemistry as a specialized science 
= the high-school curriculum, The. 
T. Ac 148 


GAS explosions, Demonstrations of. W. 

E. THRUN AND J. M. Lien (Ar)...... 375 
Gas industry in America, Foundation and 
development of the. C. W. WiLson 

Gas molecules, The _ electron-diffraction 
method of determining the structure of. 

R. Spurr Anp L. Pautine (Ar)...... . 458 
Gas, The liquefaction and fractionation of 
natural, VII. Lecture experiments in 
general: chemistry. VI. The lique- 
action and fractionation of air. S. 

* Morris AnD A. J. W. HEADLEE (Ar).. 79 
Gaseous dissociation as an introduction to 
the law of mass action, The study of. 

G. WAKEHAM ( 
Gases, An improved apparatus for ‘demon- 

strations with. W. Brcurer (Ar).... 438 
Gases in everyday we Rare. F. P. Gross, 

582 


Gasoline in the high school, The analysis of. 
I. S. (Ar).............. 444 
Cnet chemistry, Lecture demonstrations 
. B. ARENSON (Ar ° 
Geiucet chemistry, The function of. H.N. 
ALYEA (Ar).. 
General course, Fusion ‘of i inorganic and or- 
anic chemistry in the. W. HERED 
General education, Chemistry instruction 
for purposes of. .A.S. COMMITTEE 
ON THE IMPROVEMENT OF ScIENCE IN- 
STRUCTION FOR PURPOSES OF GENERAL 
EpucaTion. L.W. Chairman, 
AND L. M. Herm anv P. E. SCHAEFER, 
Research Assistants (Ar)........... 10 
Geometric interpretation of the method 
of intercepts, The. H.S. van Kioos- 
Gibbes, Lewis Reeve—See Frontispieces 
Gibbes, Lewis Reeve, and the classification 
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TRADE ANNOUNCEMENTS 


High Temperature Furnaces 


The Burrell line of high temperature furnaces and accessories 
are described in a new thirty-two page catalog number F-241. 

Since time is of essence in ordering equipment these days 
this catalog containing photographs, pertinent data and sche- 
matic floor plans of this apparatus becomes available at an 
opportune time. 

Many of the following items should serve well in the new de- 
fense courses powder metallurgy, airplane metal testing, and 
others, where prolonged high and low temperatures are required 
for fusing and annealing of materials. They should also be 
useful in various chemical analyses such as ash determinations 
in the testing of explosives so vital to national defense. 


A copy of this catalog may be had on request to Burrell Tech- 
nical Supply Company, 1936-42 Fifth Avenue, Pittsburgh, Penn- 
sylvania. 


Corrosion-Resistant, Heat-Resistant Equipment for Modern 
Plants and Laboratories to Be Exhibited by Corning Glass Works 


At the 18th Exposition of Chemical Industries, the latest prod- 
ucts and developments in corrosion- and heat-resistant plant and 
laboratory equipment will be exhibited by the Corning Glass 
Works for the inspection of visitors from the chemical, food, 
beverage, other process industries, and education fields. 

The Corning exhibit will occupy booths Nos. 332, 333, 346, 
and 347 in New York’s Grand Central Palace, where the Ex- 
position will be held from December 1 to December 6, 1941. 

In the spotlight will be glass centrifugal pumps, a large heat 
exchanger, and the newly introduced VYCOR Brand labora- 
tory and industrial glassware. 

The two NASH pumps that will be displayed are examples of 
those used for transportation of chemicals, food-grade liquids, 
and other corrosive solutions. Made from PYREX Brand re- 
sistant glass, the various parts of these pumps typify the success 
Corning has achieved in fabricating glass machine parts ac- 
curately to precise specifications. Both pumps will be in opera- 
tion—one connected to a column, and the other to a large Heat 
Exchanger. 

The Heat Exchanger—also made from PYREX Brand resist- 
ant glass—is a replica of those used in modern plants for the cool- 
ing or heating of corrosive acids and vapors, the cooling of fruit 
juices, or the pasteurization of wines, vinegar, and similar prod- 
ucts. 

Back in the middle of 1939, Corning scientists announced a 
new method of glass manufacture yielding ultra-low-expansion 
products that could be heated cherry red and then plunged into 
ice water—without breakage. But it was pointed out at the 
time of the announcement that this revolutionary process was 
still in the laboratory stage and that several years would pass 
before the process could be applied successfully to commercial 
products. Today, products made by this process are available in 
limited quantity, and are included in Corning’s line of glassware 
marketed under the brand name,VYCOR. Numerous VYCOR 
Brand products—for the laboratory and for industrial use—will 
be on display at the Corning Glass Works booths. 

Some of these VYCOR Brand products have been formed at 
Corning by a new method of fabrication from 96% Silica glass 
No. 792, and the shape and form of these products are almost as 
revolutionary as the high-silica glass itself. This combination of 
high-silica glass and a new fabrication technic that can produce 
intricate patterns and shapes definitely eliminates old barriers 
and points to unlimited ea for the application of glass 


in industry. () 
New Catalog on Chemical Pumps 9 
A well-illustrated, 16-page catalog has just been published by 
Milton Roy Pumps, 1314 E. Mermaid Ave., Philadelphia, Pa., 
that contains much useful information for chemical, refinery, 
power plant, water works and all other engineers using chemical 
pumps and proportioning equipment. 
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It illustrates, describes and gives specifications of.a greatly ex- 
panded line of Milton Roy Pumps for handling chemicals in pre- 
cisely controlled quantities. Pumps are shown in which capaci- 
ties are adjustable to as little as one pint per hour. Other pumps 
are illustrated with capacities adjustable from zero up to 2000 
gallons per hour. Heavy-duty pumps capable of operating 
against pressures up to 20 thousand pounds per square inch, alsoa 
new pump made from transparent plastics are offered. 

Features of design are illustrated. A new, improved vernier 
dial stroke adjustment mechanism is shown, by means of which, 
it is stated, the plunger stroke can be regulated to within one five- 
hundredths of the stroke length while the pump is running. 


New Type Infra-Red Tungsten Heat Lamp Developed 


A new type of infra-red heat lamp developed in the Birdseye 
Research Laboratories of the Wabash Appliance Corporation, 
Brooklyn, N. Y., has just been announced as the first commer- 
cial type of radiant heat lamp whose design and construction 
are said to make possible and entirely practicable 100% control 
of heating efficiency. 


Silver ring on the “bullseye” type of heat 
lamp eliminates “heat spill” by bringing 
within the control of the reflector all heat 
rays except those that come directly 
down to the heating area. The result is 
that what were formerly spilled and 
wasted heat rays are now collected, re- 
flected down to the heat area, and put to 
practical use for heating. 


Diagram shows clear bulb in Convergent 
Beam Reflector. “X" is “spilled heat” 
spread outside the control of the reflec- 
tor, and thereby lost. Whether reflector 
is shaped for parallel, divergent or con- 
vergent heat rays, some condition of 
“heat spill” holds true when the clear type 
ef heat lamp is used. 


The new bulb is designed to put to practical use for heating 
what Wabash engineers term is the ‘‘spilled heat’’ lost in even 
the most efficient coordination of heat lamp and commercial 
reflector in use today. Wabash engineers point out that al- 
though the many efficient heating reflectors provide conver- 
gent, parallel or divergent heat beams as needed, there is still 
the average of 25% of the heat rays that are spilled outside the 
control of any reflector and thereby lost. 

The new “‘bullseye’’ type of Birdseye Heat Lamp is said to con- 
trol these ‘‘spilled heat rays” and to put them to work for heat- 
ing even when present reflector equipment is utilized. The 
new bulb is distinguished by a ring lining of pure silver sealed 
inside the bulb at a point just below the focal point of the fila- 
ment. It is claimed that this silver ring leaves a clear “‘bullseye” 
spot through which heat beams are projected from the filament 
direct to the heating area without spill or loss. All remaining 
heat rays, including what were formerly spilled heat rays, are 
now gathered into the control area of the reflector by the silver 
ring lining, and projected down to the heating area. 

By utilizing this extra 25% heating value, the new type of bulb 
is said to make far greater heating efficiency possible, with greater 
concentration of heat beams in a given area, and faster, more eco- 
nomical operation. A special feature is the mechanical strap- 
in base made heatproof to keep the base from loosening up 
under the terrific heat developed in infra-red tunnel installa- 
tions. The new “bullseye” lamp will be available in the 250- 
watt size, tungsten filament only, will fit the standard Edison 
screw socket, and according to the manufacturer, will have an 
average burning life in excess of 5000 hours. 
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